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siJDai and is responsive to the control si.nal for ampli·
HIGH DYSA:\flC RANGE CLOSED LOOP fyin.the input silna1 AI a pin level in dB u a linear
AUTOMATIC GAIN COl'TROL CIRCUIT function of a control silna1 and providin. a correspond·

in. output Ii.nal. Measurement means is coupled to the
BACKGROUND OF THE INVENTION 5 amplifier means for riJeuurin.lopritbaUc sipal power

I.. Field of the Invention of the input Ii'" IIICl providin. a correspondinlliaear
The present inveluion relates to automatic gain con· measurement silna1 in response to input sipal power

trol circuits. More panicularly. the present invention varialjons in dB. Intepation IQaIIS is inc:ludecl for reo
relates to a novel and improved closed loop automatic ceivi... th measurement sipal. and a refennce sianaI
pin control pin control oirC'fit with linear .ain control 10 which corresponds to a desired sipa1 power of the
over a very hip dYIUllDM; rule. outpUt lipal. The in1ep'atioa maas tatepates over

II. ~pcio~of die Related An" . time the dill'ereace betweeD tbe .....". ntlipalanc:l
Au~omatl~ pin CQntrol (~OC) C~IlS are. Widely the reference sipal, and .enerates the control sip

used In recesvers fN COM,IOIlIft. the pin applied to a COl respondinl to the result of the intepUioca.
sipalto be processed. In,t.ocb ma10l ud dilital sipal I'
receivers AGe circuits are implemented usin. different BRIEF DESCR.lmON OF THE DIlAWINOS
techniques. In analo, receivers aaalol techniques are The fatures. objects, aDd MYaIdIpI o( the present
COQ'UIlOftly~ while in diJitai receivers, diJitai tech· inveation will become more appInDt froID the deWled
mques are appb~. . 20 description lei forth below wllea takea • COIljuaction

In ma1o, recesvers, such u used In~w~d ~ with the drawiDp ill which like ref'ereace cbaftlcters
cellular telephones. the power of the receIved slpallS :~-'f --.1_.1 '&'-".-"t A_~ ..--:-.

I I, 'ed '__ It b eli' h ' al H IUCnll y - ••_....--.....y UKUU....... lUlU W_an.mere y unn tyPl.....y Y ppmg t e SIp. ow· FlO 1 . block ....__ ill . '1.-..
ever. such an analol si"", proc_in, technique is not . '. IS a -..- UltratIDllft an aemp-,J'
applicable to di,ital receivers since a clipping of a signal application th~ el~ents of the c~ I~ automatic
modulated with diaital data would result in corruption 2' 111ft control ctrCwt of the present IDYentiOll; IIICl
of the data. FlOS. .2A aDd 2B illustrate ill 'Cbemlltical form an

Typically in digital receivers. the level of sipal ex~plary em.bod~t of the closed loop automatic
'power is detected diaitiad and then measured. The 111ft control CU'CWt of FlO. 1.
meuured value is typically compared wi~ a ~t ,=,~ue DETAILED DESClUmON OF TIlE
and an error value Ienera&ed. all values bemlln dllJtaI 30 PItEFE1lRED EMBODIMENTS
fonn. The error value is then IISed '0 control the pin of
an amplifier so u to adjust the sipaJ strength to coin- In a dilital receiver such II UIed in a code division
ade with tbe desired si"" power. multiple 8CCellI (COMA) mobile ceOaIar teJepbone. it is

DiJitai AGe techniques however are relatively slow nec:=-ury to limit the power o( the receiYed sipa1 for
in controWn. silna! power due to saturation of the 3' proper si.... Process., o( the received Iipal. fa the
error sipaJs involved in actually controlling the power. cellular enYironmeat, a diIita1 receiver ....y receive a
Dilitaltechaiques thus have the disadvantage of failing sipal which aperieDca rapid aDd wide YIIiations in
to provide accunte power control in environments si.... power. fa order to properly PJ'O&*I the diJital
where sipal strenlth is rapidly chanJina. and panicu· data coataiDed wilbin the received IipaI the.1ipal
larJy over a.hiIb dyllllllic raDI', 40 power must be limited. AccordiqJy, a cIoIed loop

It is therefore an object o( the present invention to automatic pia coatroJ circuit for a diaitaI receiver is
P!Ovide a n~vel and i,mproved AGe circuit for rapid. disclosed which is capebJe of 1imitiD, receiYed lipal
hiBh dynanuc ranle Slpal power control.. power in such an enviroameaL

It ~s yet anothe~ object of. the .p~t .inven!ion to FIG. I ill.,...block diqram (0I'III an uaaplu'y
proVIde an AGe.Clrcwt capable of proVldln;l pin con' 4' applicadoa o( the doled loop autoaIItic pia control
trol o~er ,both ~id~ and narrowband Slpals so u circuit of &be ..-. invention. In FIG. I. the cIOIed
to~n~r~ved"I,_ pow~ at a co~tant I~vel. loop auaa.atic pia cc.troI circuit is ialplelllellted in

It 1s still a funh~ ~jeCt of.ttie~t .mvenuon to the tr..-ceiver of a COMA mobile ceOuIar telephone
~roVlde ~ AGe Clrcun~eof~,a co~trol 10. It illIIYiIiIoMd that t8lepbaael8 may be adulively
Sla:.~r which can be UIed 1ft controlJiaI trlDlllUuer SO COMA com..1ibIe or 01 a d........ i.e. CDMAand
po . COIl'li_tiOIII1 PM COIDpII&ibIe. 11Ie daIId loop auto-

SUMMARY OF THE INVENTION matic pia eaatrol circuit 01 tile ..-c ".Iion is
The present invention is • DOVel and improved closed capaIJIe of pI'OVidiDl power IimitiDI of both wideband

loop autotlWic pia COIltroi circuit which utilizes low " ~MA .......~~FMIipaJa.~ com-
cost analog circuitry .10 ...-are and QOfttrol lipal patibIIity 01..~ to openae OD bolla widetMnd
power of a received RF si"". In applications where ad _ •.,...ta.d ......~ c:aa. CC1lDJ1aaal and
the sipaI ofinterat is either a wideband sipal,such u power .Yinp (or theNOelver. . .
a CDM:A sipal coat.tiaia. diJitai information. or a .T",,~ II~udeI~ U for..."...~.
narrowband sipal, such II an FM lipal conlliDin, 60 mft.ted~ ..... "":'""'1 CJ)MA or~ _wu·
analol i.nIoranation. the cirCuitry of the presellt iIIven. caaoa IipaIa. n • !"tIed fro8l ......... that are
tion is capable of providiDJ the necessary gain control. intellded for reeeplioa aDd pror-wl by mobile teJe·

In accordanc:ewith the present invention a closed pboac It. ADtea8a U couples the receiwdli.... to
loop automatic lain control (AGe) circuit having high dupleur 14 wIUcb pnMdes the reoeiwd IiplJlIO the
dynamic ran,e capabilities is disclosed. THe AOe cir· 6' receiver ponioD of telephone 10. DupJuer 14 aIIo re-
euit is comprised of an lUIIplifier means for receivin. an ceiv. CJ)MA or PM COIDIIItIIIicat IipaIs from the
input si,nal which is susceptible te) variations in sianal tfUlSlllit1et portioD of telephone 10 for couplin, to an-
power. The amplifier means also receives a control tenDa 12 for uuuniuion to a bae station.
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The received signals are output from dupJexer 14 to vener 16 or at any other point in the silnaJ processing
downconvener 16 where the Rf signals are convened at either an Rf or IFfrequcncy.
to a lower freqUenCy taII,e ud are provided u cone· The use of anIIo, techniques in wideband sianaJ
Spondinl IF sipaJI. The' IF .pals from downcon· power concrol provides for a reduction in hardware
...eriet I' are 1'fOYided to atltOlDatic pin controlled IF s required for a dual mode telephones. As mentioned
amplifier II. The If sipals aresmpJifJed II a pin level previously, in a dual mode telephone wideband and
determined by an AGC lipal a11d provided to &mpli· narrowband sipaI power .. be provided for the
fier II. Amp/ifltr I' is capable or providiDa. in response CDMA Ii.. and the' PM .paI. In _, aulaa
to the AGe si.nal.liHIr conuoI or pia in dB over a power control tecIuIiqQB'ror bods the widebaDd and
bi8h dynamic ..,e, such U in escess of 10 dB. Alnpli· 10 IW'I'OWbIIld Ii...... the __ power COIIUOI circuitry
fier I' is preferably ofa desip described in. copeadiDa can be UIed for both ....... ttl operaDoa.
U.S. PaL ....Iieatioa _tied "LINEAR. GAIN CON· ADaloa power oc:liItftI.~ ptOYide a futer
TROL AMPLIFIER", Ser. No. 071598,"", fiJed Occ. response to YUiaIioes Ut ..... power dian c:cmven·
1,. 1990. ... allipeel to the Auipee ohbe present tioIIII elilital power COIItMI1eCIIIIiques. Ib UIinI aaalol
invention. 15 pmlIeI'CGIlWOl tee"'" to c=oIItNIa power ofa

The pin comroJled IF lipals are output from ampli· widebIIIll ..... COIlCilIiftiftI.. cilia; Ii ilOWer
f.... II to alll;Cllll1 frequcacy downcoDverter, down· CIII be ClOIIUOUed II a"" C*lven·
CDmIerlet • when tbe IF lipals are convened to a tiona! diJital power coalft"tl·teebBiqua The ex_platy
lower ftequency ...... and provided • eorrespoadina imp1emeDWioD of the AGe loop of ttie pntIDt isven·
...." 'hal...... sipIIs. IJI the cmbodiaIeDt shown in 20 tiOft doeIlIOt IiaUt cIyuaIic errors so • to·1C!deve fUI
FlG. l.~ baebucI .pals in the COMA mode of COIIUOl ttl piia over • rea.. of 100 dB.
operation &Ie I aDd Q samples of eacodecI dilital data flltllllnDore, is tbiI "'~t. where a linear
which are output for further demodulalion and correIa· coutrol aid IMaI1lI'emeIlt citcuia (IiMar -nil respect to
tion. In a dual mode receiver. downconvener ZO also voltap VI. dBm) is .... Ioop bInc:Iwidtb is iDdepencIenl
frequencydowwnconvens and demodulates the FM 25 ofsipal power. Loop badwiclth is held COftIWlt since
sipalsso u to provide an audio sipaI output. the pin of each element in the loop is COIISCIDt over a

Downconvener ZO also includes the capability of wide raqe or .... variations.
meuurinl the suenlth of the sipal received by tele· With ftIIPICtto die tJ'IJWDitter ponioa of &eJephone
phone 10 and aeaeratia, a c:omspoadilll received si,· 10. traIIIIIUt~ is aIsocomroDed. The AGeIipaI is
nal strenph iDdicllioD (RSSI) lipal. The RSSI sisnal 30 apin UIId to pftMde~ calttoI oluulmil
aloDI with a RSSI reference IipaJ are provided to power. THe AGe IipaI iI'providedto die .craalminer
intelf'le.v n.1he Rsst refereace lipal is senerated by portion. aIona widl varicNa other coatrat tipaJi from
a .cOPtioiler (a9t sIaown) and corresponds to a desired the COtItrol... In utilizinl the AOC... to Il1o con·
sip sqeqtJl'leveI (or the IF Ii...... output from am· trol trlllllDit power, the~ pia is Idjusted
p~ 1•. lQt.....tor n .....tes the AGe sipal that is J5 with respec:&. to the nc:eiwt pia so tbIt the tnDSmitter
ippUt .to adlPJifter II for pin control. pin tl'lCb the receivw'~pin.

Dcrimc:onvenet ZO nabla the ute of an anaIo, lain In the tn.,,~ orCDMA~sipaI
COfttroJI~ for. difital sipaI impressed upon a froiD ..,... 1. to • bile.~.~..~ter
<*rier 1i1Ul, UD1ike the pia caltrol techniques typi· ponioD of teIepboDe 1011 proWItld~~ ba.1Ibud
calJy used Ut dilital receivers. Inpanicular, downcon· 40 sipals. typic:a.lJy I MdQ ......ot~ etJtitai
vener 10 perfatms an analOi measurement ofRf power data in the IinJIe teIlIpboae. .In .dlIt'd.... DIode
in the received sipal and provides • correspondinl teJephoee I and Q or f'M.~ WoUJd be
RSSI UlnaJ. The.RSSl sipaI is. sipaI which varies provided U the Iller tiUebIDd .,....:·1'be.l _ Q
liaearly wiabretpeC\ &0 IMISUrect 101 power. This ana· sampl.. Qr AI are p,ovidid • an input to
10' power m._........ is IIIed to provide control over '5 upcoa...,..~ d Ii..... are c:cm-

the power. ill the received w'......... lipal so u to vened ".' .~.'".. '. to ...• JIiIber.... .&..~.. ".". y,.. ud
maintain the IipaI. U OUlpvt (or diIiW lipal process· provick\ll:I.lF....1htIF......__ provided
iDle at a COdUt power leveL Siaillrly when the reo tolF........ awllliq.,uftedaaaleYel ...........ed

=.~::==lipaItbepoweris.aIso 50 by-:::~=:r'..~~·~
......... .2Z ws die USI Iipal from down- 30 when 1M)' are COIIvened in (nq.-cy to • biJber

COItWfW with the RSSJ reIereace sipal. In fnq.., ,..,nd.d .......... Upcon.
order to power COIIUOI. is neceuary vel1lr '-'..~ ~-~valipals
for the.enar the USI sipaI Ciadica&ive of tbe t'roaa JoIi¢J4"~ c:it"1lP",s
m .... power iwel) aDd the USI reference sipaI " 0........_ "I'a. p(ovidId to
(iadnliw Dltbe.... power lewI) to be elimin.ted. ~Mwldch couples die 10 1210r
Illtepa10r 22 is used to provide tbia tuaetion in the trI.d...·• . .
AGe ..,.., Con:iaa the «reX' to UN. Por CIUIple. if It ~.obeidld tIIat ate."uca_.--..AGe
the .. ttl the Ii.... is 100 ..... die RSSllipa1 will lipal w!lio1t 0Cll'l"- ~,,~Jlf'...,uraer
also be ..... coaapM'Id to theUSI reference Ii""'. 60 21 ...".,. to.... tI~.'~.~.
UnQI the two iDpu& IipaIa to intepalOr 22 are identical. The ... ct the AOC by die Jl1ptlI$tvt piII'IDits
tbe ........ output lipal will ClOD&iDue to 10 up reo the tralll'lri&W.... to track tee:!IIivet."".Y'or UllDPle.
sukia,~ •~ of the pill or IIDplUItf II. • tbe .received lillll1~ io lipal· less
~ sbouId • understOOd tba& the asSI measurement tra..,.'" lipal power is .... 'to com·

cube..... ac various poiatl ill the processing of the 65 ID~ rrOm tbe telephone to the bile ..uon.
received sipal. Allbou,b iUUIU'Ites in FlG. I that the ACCO"'y, With the tel::eivin. AGC circuit rorciftla
masuremeat is maie in downcoavener ZO. and .t an IF decreaie ilapill tor the received siItW, the traMllliasion
frequency, the meuurement can be made in downcon. gain is correspondinlly decreased.
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Turning now to FIGS. 1A and 18 illustrated therein operation of op amp 111. Furthermore diodes 11' and
is further details of the exemplary embodiment of the 124 are preferably of the same type such tbal chups in
closed loop automatic pin comrol circuit of FIG. 1 as temperature aft'ecIia, diode 1I'.1IId thus me feedback.
implemented in the receiver ponion of telephone 10. similarly aft'ect diode 124 and tbe biu voltlfe. In the
FIGS. lA and 18 in particular illustrate amplifier II , alternative. diode 124 may be repllced by. aemperature
doWftCOnvener ZO and iftte,rator 11 as main elementS of sensitive eJemeat. such as • tbenaisror. It s!IouJd be
the closed loop. IIIldenIood that the bias voltap appearift••t the 1l0Gin-

In FIG. 2A. intqrator 11 is comprised of an opera- venia, input of op UIlp IU may be establislled alaway
tional amplifier. op amp 100. havill, • feedback network difFeretlt JeveIa tad by IIWIY dift'ereDt ways tbat are
to confilured to such tbat opamp 180 fuac:tions as an 10 welllr.Dawn in &be an.
iatesmar. In panicuJar. op amp 180 receives the R~SI The compeautioa IipaJ ....... by compeau&ion
reference lilftll throqh ftlistor 102 at its invertUll cin:uit 110 is outpUt fl'Olll OP ..,112 to bc:Ilb at.pli-
itq)ut. ne USI out sipaJ (dtscribed in further detail fter circ1aits ... lad t'7I. AmpIiIIt cireait 130 is typi-
below) is input to the noninvertins input ofop amp 180. cally compriIed of dIJaI...... PET _pIifter 1S2wbich
while the noniavertiJll input is also coupled to around I' hal one pte (0,) coapIed throuIb'~1M to the
throup resistor 104. The outpUt or op amp 100 is co~- OUlpUt of op amp lU aDd tbroIaP capecitor. 136 to
pled to lhe invertill. iftput ofop amp 10 throup ca~l- pound. The ocher .... (OJ> of PET W. rwceives the
tor 104. Illtqrator 11 pnXIuces an output voltale which iDpat IF Ii.... tIIrauJb vuiabIe ClIJ*:itor. PI, aDd is
is proportional to tbe iIltepal, i.e. the product of the coupled 10 poaDd tbroqb &be pudel COIIIbiIlation of
amplitude and duration, of the difFerence between the 20 resiIIor 1-' vui8ItIie car-:itor 141 ad 1ndacIor 144.
RSSI reference sipaJ lad the RSSI out liBllai· ~e The soarce (S) of PET 132 is aIIo coapleche pound
RSSI reference lipl belnl iftdica:live o.f ~ d~~ Slg- tbroq)I &be puaUeJ combination of rtIiItot 146 and
naJ Itreftllh while the RSSI out sspal ~ mdlcabve of capecitor I.... The draiD (I) of PET W is coapled 10
measured siBllai Strftllb. The OUlPU! IIpai f~m op the supply voJtap +vee tbrouab the parallel combi-
amp 100 is an uncompensated AGe ssgnal that lS cou- 15 naIioa of reIiaot .. and iaduetor 1t2 wbiIe aiIo beinl
pled as an input to IF uaplifiet II. . 0 0 coupled to poancI tbroup variable caw-:itor 154. The

IF amplifier II is comprised of compeas&!IOn c!"c~t draiJl (D) of FET W is coupled to the iDpat of filter
no. amplifier circuit 130. fUtet I- and ampllfser c~cwt I" wbicb in the prefemld embodiment is • surface
1'70. Compensation circuit 110 receives theA~II~ aco.ac wave (SAW) 1ladpua filter. SA.W filter l_
and in response thereto pnerates • competll&~ Ill- JO typically hu a ceII_ frequeDC)' at 70 MHz aad a band-
naI, AGe SCALED. which compensa- for nonlin~- width of 1.25 MHz.
ities in pin control over the dyaami~~ of~plifier ne val,.. at .... (Od • dIeenaiDed by the output
circuits 1.JD and 110.~ compensabOll ss~ U ~utPout of op ... 112 coauoil abe level of pia of PET W.
from compensation Clrcutt 110 to both amplifier C1lCWts The illput IF Ii...·isllDplifted at the cIIIenIIiMd pia
130 and 170. 3' level by PET m willi abe otIIpat voltqe ...,..nal

Amplifier circuit UOreceives lad amplifies an input IICIGII tbe iDpat traMducer (DOC Ibowa) of SAW filter
IF liBllai at a pin level.~~y the AGe 1........ paraUeI COIDbiutioD 01nIiIIor ... aad laduc-
SCALED IiBllai· 11te amplified IP SlpaJ IS then output lOr 112 an of vaIua ...... IUClII tbu, in caalbiDation
10 filler I. where it is bIiIdpaI filtered and ~ut to with the outpat ilDpednce ofFET 13Z...,..riaIat the
amplifier circuit 170. Amplifier circuit 110 receIVes the 40 draiD (I)}, the impedance 0( this circait supples the
~plified lad filt,ered IF Ii'" where .amp~ifted at a source ilapedaace seeD by SAW rtlter I•.
pm ~evel det~~ by the compensatlon ~BIlai~ Thoe It..y be showa tbalby"Isimple, tlmedmatchiDa
amplified IF ssp ISt~ output from amplifier CirCUit neIworkI. die loW iD-aoa 1011 (IL) of the complete
110 for further P~I· 0 SAW filter is approxiaaIeJy:

Compensation ClJ'CUlt no is comprised of an opera- ..,
tional amplifier. op amp 112. which has an invening
input coupled to receive the AGe siauJ throup input
resistor 114. The invenialillput is abo coupled to tbe
outpUt of op amp 112· throaP • DoaIiDear (eedback
circuit COiDprised of __ CIDapIed resistor II' ad SO
diode III which an c:oapIed in I*&IIeI with variable wbere: .
resistor 1. The IIOIIiawrIiq iDpat of OP IIIDP IU is Ga.- the real ..... or the tlCOUIbC ...~ &lid
provided with • rer.eace or .. voltap IICiGII diode ~~c:-nil:".:,.~--:::::..~=
122 that is·pnMded tbrauIb NIiItor·1M from the sup- ~ ..y --,...--
ply voltale -Vee. RIIiIIon 11.. 11' aacI 124 are t)'Pi- " (TI'R) of the campIete ftIter ill cIefiDed by:
cally of the .......it'llPee. e.... I~ value. while
variable resia10r UO it capIbIe or pt'OYidiDl • much 2 G Or 2 o.J 2

Iarpr resiItaDce value, eo.. 5OKO. mt .1 · I·' I
In the operatiolt of~ circuit 110. when (a. + Q#1 (a. +~

the AGe SCALED Ii.... voJcaae is below the bias 60
YOItlle appeuin. at the JIOIIiDvenia. inpat of op amp UIiq the releticwhjpt lit forth. by~ (I) and
tl2. the parallel resistance coaabination of resistor II' (1). ODe can.COIDpUIe tha~ f~ a tnple.~ I'eIpODIe of
and variable resistor 128..... with iBpDt resistor 114 30 dB. relative CO tbe mamlipal. an 1DIeftlOIl _ of 11
«RII6IR12O)1R1I4)1ItS • lint Ilope pin curve for dB caD be acbiewd. . . .
operation of op map 112. Whea the AGe SCALED 6S AIDpHfter circait 110 is COIIIU'lICWId UI • manner lUlU-

sip voltaiC is above the bias voltqe. the value of ~ to~ of amplifier circait 1..~fiercircuit 170
variable resistol 120 aJoa. with inpUl resistor 114 IS comprised ofdual pte FET amplifier 1'71. preferably
(JU20lRlI.) sets a second. and different. pill curve (or the same u PET 132, which hu cae pte (0,) coupled
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throUlh resistor 114 to the output of op amp 112 and convener 10 not shown) to provide the user baseband
throulh capac:itor 116 to lfOund' The other ,ate (G2) of si" for dilitalpr~..
FET 112 is coupled to the o~ut o( SAW filter 1.cJ for Ampiifacr 11. aJao provides an outpUC of dt. ampJi·
receiving the faltered andamplitied IF silnal the output tied IF si.... to a lopridmric received Ii•• Itrenllh
therefrom• .,eauCQupled to around throu,h the paral. 5 indicator. I.$SI m. wh4cb accurately meuures the
leI combina~ of resistor JlO. variable capacitor 112 power of the IF signal over a 90 dB raDJe. assl 221
and inductor "11M. Th. source (5) of FET 112 is also provida an output of• linear qui. assl OUT. indica-
coupled to~t~lh the paraUe1 combination of live or~l~sipal power. The output
resistor 116 and capacitor 1". The drain (D) of FET of aSSJ 221 iscoupMd to die IlOIUvenial Uaput of op
112 is couplcQ to the supply volcqe +vce throulb 10 amp 100. or.iaIeparor Z2. wbile aJao beiDa coupled to
the parallel -binaUon of resislor 190 aDd inductor aroUDd~h parallel~ • aacl "'apICitor 232.
"2 while alIQ beiaa coupled to IfOUDCltbroup van· :ne USI OUT sipU is thus~.... GUlPut to
able~ ~ outPut of FET 172 is provided ~aepator .u where the AOC sipal 11 paeraaed as
throulh c:af*itor 1"also coupled to the drain dISCUS'" above.
(D) of PET 112. 15 Wbea~ 10 is ia tbc ~·1DOcIeof operation, .

The vol__.t .... (01),. delermiDed by the output for ~WII..~ die~ ou.. fIOID r~~
of op amp 1~ apia CODuoll tbe level of lain of FET U6 ~ ftInber~c: IT- .... PM .........110I a dill'
112. The IF.... output (rom SAW filter IQ1 is ampli. tal sipIl.1\t sapUoutput. from maer .2» 11 aIIo cou-
(led at the. ~ineci pill loyel by FET 112 with the pled to all, .... of IF I8Wifier~
output voJiqe appeariq at the outPut of variable ea- 20 F"II~ 21~ and %2' IIIIIId to be~ p.•u.d (titers
pacitor lM.. ;rbe ,.raIIel combinalion o( resistor 110 for cl.....UI ~Qt of bIOld.freq~. the ~M~
and inductor 112 are of values selected such that. in ~ of opcra1lO11. Howewr.~ filtenDl IS

.. . b h· . --... ( r-rT 172 required for tbe wbn teIe:pIaoQe 10 11 ID the FM mode
comb~t~wlt t e mput I~...--ce Or.... . of operation. nu..ncldilioa.1 rakers (lioubowa) need
ap~1 ae .e Ille (G2). the unpedance .of this Circuit 25 to be added to tJae ft1&Iriat .,...."...t with these
proVIdes tbf proper load for the output ID\peduce of. mters ~:~ a MI1OW .. puabaad lUDIlIlto the daiS-
SAW filter..... ... Dated IF~towlaicbtelephone 10 ia llsiped for
Th~ IF "outpU& from amplifier 110 IS pro~ded FM comm'lDicationl. It ia.viIioIIed dIM the additional

u an Iftpat~~v~ 2Q. In FoIG. 28. ponlo~s raIters would be ...... from • bulk ~fnarrow pMS'
ofdo~~~ an illUlt~tecI 1ft furyher dewl. 30 band (ike:n ill ,.... to a filter~ IipaJ corre-
The IF SlpailS proVIded. an lD~t toa mixer FM IF spondiq. to die F'M '*-l of use. -n- MditionaI
system ZOO "'p a bll"", Input network com· filters ._y be.witc:bed iIatotbe circuit ~provide Addi-
prised of caplCiton~ - and - and va."able .in· tioaal fIlteriq to cbII of flhen 316.. 22'. or "'viDS
auctor •• Syattm 211ft the preferred embodlD\entls a (titers 216 ad 226 IwilCbecl out of the~ with the
hip per(ormaac:e IIlOIIOlitbic low power FM I': system 35 appropriuely seJec&ed IdditioDal rdt.en "'the bank
~tina. ~/onciIlator. two IimitinSlnte~e. of (alters providiq the Mel 'ary mteriqa.
dJaae ftequeltllW ....liIien. quadmure detector. muting, AlllpJifier %It aIIo .ud. a decD,-", .work
Ioprithmic~vedlipal Slreqth indicator (1.551), comprised orCllpW:itoQ2Naacl_.~.-....o for
ad voltap:,replator. Such a device is sold by Sipetics proper IF decoupIiqa. AIDplifier 2M 0...... the IF
~ ofSltnIlYvaIe•.. c..Jif. under Pan No. 40 sipal aacl~ tJae~·IF""'~. outPUt .
NE/5A 60S. to quad.... detector" The adler 0UlpUt of ampli·

The anpatlF is provided thr~ the balan,:,d !nput tier 2M is coupled to quadndure ck&Ic:tot')IO ad aIIo
network to two input pons of nuxer 310. A third Input AC coupled to a tuned quadrature network c:omprised
pon receives a !ower (requency IF ~ference si~naJ ofca,.:iron~~ *aadiaduClor*' Tbe output
provided by oscillator 212 throulh dnver 210.: Milter .5 of quad,....~ • is coupled acrGII parallel
210 mixes the IF sip Wlth the .IF refer~ce .slgnal to coup," l'tlIin&or _ ad capKitor m • tbe audio
provide a lower frequacy IF Sl,naI which IS output sipaL UNMVTBDAUDIO.
therefrom to filter 216. Filter 216 is a bandpass niter. QwIdnan cIetoeclor- eIIo provides aD output to
typically a crystal (liter. with removes out of band fre- lDUte'" 2S4........ 216 UIo,_ • iaput for
quencies from the IF siptal. The ralaered IF IipaI is 50 I1ICIiviPl. 0GDP'0i1ipli. MUTa IN•.,.. QGDU'Ols
outpIU .......,fU.... Z., to .. iaput of IF amplifier 11.. ""'hedIer die ....siD ~CNb , ..... or un·

A.."'"~....~I network com· ~n.- or twi&cb ..,w1lCrOlS
priledQf~ .~ UId m ClQUpled thereto (or .- _ __ lbe
proper WMIouP....~ 21. amplifies the IF audio "UnttrAUDIO. ,
sipal and provideI the amplit"led IF sipal as an output 55 It c:u _. fiaIil .. FIGS." 28. aaaIol
throup resisIor D6 to (alter 2Z6. Filter m is again a circuicrY., be tiP~ 1QlIp .....lic
bandpatl rilulr. aIIo typically a crystal rdter, which gain COIlUOl in -FlU ·u ofbada~(P'M)ad
removes outofbud frequeDCies Crom the IF signal. The diai~,(Q:)""")~ SucJa a circui&..,h.,atation
(altered IF sipal is outPUt from mter 2Z6 to an input o( elimi.........,. lit, 10 IIaw boIb , dilital
IF~i 2:ZI. 60 c:U'cuiqy ia. dUal.., 11IO= . ', t.
nc.~ IF sipal oatput (rom mter 226 is also F~ ...... 0( "' ia" con·

provic*l,-:M outPut to _tal sipal processinl hard· trol of cliP&! si~,~ fQl' f conuol
ware (not shown) for demodulation and correlation of I thaD over~~ .......
ad Q lUDpftp of the encocted dilital data of which the The c:imIiI of abe."..at iII~ prcwideI for a
IF sipal ~ ..~ whea tbe received sips are 65 low .. low~~wioDof an auaomatic
COMA si'" It is (urther envisioned that the signal ,ain conttol cin::uit Cor various radiO desips.HaviDS
output~ raIter may be funher mixed with a lower &CCUfI1e ......lilIICDt ofsipal suenllb ad liDear con·
frequency sip and raItered (by components of down- lfOI over gain over a relatively Iar,e bandwidtb. typi-
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cally in excess of 80 dB. the circuit is panicwarly appli· providin, a correspondin, a correspondina linear un·
cable 10 the CDMA cellular envirora.ment where pin compensated pin control si,nal.
control is a critical element in the CDMA telephone. 6. The circuit of claim 5 wherein said received signal
The advanta,cs of the p~t invation overcome strenlfh indicator f'w1her comprises:
many of the deftcienc:ies of other teChniques for pin 5 frequency conversion means for translatin, the free
control. panicularly those experienced in the cellular queftCy of said input si"", to a lower frequency;
lelephone environlDtllt. til.... means for Merin, undesired frequency compo-

the previous description of the preferred embodi· DellIS from said input sipal: and
ments is provided to enable any penoalkilled in the an uapIifier means for amplifyiq said iapot sipal at a
to make or use the praac invention. 1beVaftoUS modi· 10 predetermiIIe4 pill.
rccations to thac emboc:lilDtllll will be, readily apparent 7. The circuit of claim I wberein:
to those skilled in the an. and the acoeric priaciples said rant ADd IeCOIId I,IDpIifiers acb coaapriIe.a FEr
derlned herein may be appIiecI to oaJaer eaaboc:limenu ..pIifier each havilll fint ud IeCC!IId ..... aDd a
without the use of die iaveative (acullY. n .. the pres. drain. ach of said ftm Ud teeond ..plit"ter FET
ent invention is not iDtadtd to be limited to the em. I' ampiifter tim pte f'onaiq a respt:tive fint and
bocIimCDu ahownheRin but is to be accorded the wid. 1eCOIId· ampiifier pia coatroI input. eIlCh of said
ell scope c:oasiIaat with the priDcipies aDd novel fea. ftnt &lid Iec:aad aaplifter PET ........ IeCOI1d

.t~_._ .... "'___ acb fonDial • ...,ecaive first aDd IeCOnd
tures-- .....-. • 1iIiet .;__Im-t. .. acb 0( ... tint and

We claim: --... ....- .......-
I. Acloled loop autOlDMic pia CODtrol (AGC) eir. 20 Iec:aad ampliQcr FET ampli&. drIiD fonaiDl •

cuit comprisin,: respective ftnt lad Iecoad amplifier output; and
. said ratter comprises a badpau filter.

a first amplir. haviq a sipal input. a pan control t. The circuit of claim 1 wherein said bandpus ruler
input lad an output. IIid fint amplifier sipal input comprisd a surface acoustic wave filter.
capable of rec:eiviq an iDput lipal; 2'" 9 ___. . _, t-.:- 7 "' :.t .

a (alter havin,. input and an output. said filter input J • • 11II: Cll'CUlt UI C_ Wncn;an - COmpensauon
coupled to said ftnt amplifier oUlput;and circuit comprises:

a second amplifier bavinl a sip&) itq')Ut. a lain con. a rar.c op amp baYin, a IIGIIinvenin, iJqNc Q1'able of
receivina a reference volta,e. an~ illput

trol inpul and an oucput. said first amplifier signal capabie of receiviq aD an. uneoaapeauted pin
input coupled to said ralter output; 30 coatrol sipal provided by said incqruor. and an

a received sipal strenllh indicator having an input output; ADd
coupled to said second amplifier output. and an a nonHnear feedback aelwork coupled between said
output; rtnt op amp output lad said tim op amp inveniDl

an intqrator havilll • pair of inputs and an output. .
one of said inlqratOl' inpulS capable o~~vinl a 35 IO~ circuit of claim 9 whereiD Slid intearator
reference lipal and aaodler one of said unearator comprises:
inputs coupled to said received sipal streftlth a second op amp havill, a nonin""". input capable
indicator output; olreceivillla .........t..~ by said

a compensation circuit havill, U1 input coupled to received IipalIU'llllth iadicaaor. ad aD invertin,
said incelrat0r omput. and ... outpUt coupled to 40 input capable of receivill. said refereace sipal.
said fint and second amplifier pin comrol inputs. and • output; and

2. The circuit ofclaillli wherein said fimand second a capacitive feedback network coupled between said
amplifien are variable pin _pUllers havin, a lain second op amp output and said second op amp
determined by a COIIIpensated pin control lip&) pro- invertill, input.
vided by said compensation circuit at said first and 45 11. The circuit ofc:IIim 1 wherein Slid received sipal
second amplifier pin control inputs. ......pb illdic:ator COIDpI_ mll._1 ...... for•
. 3. '!he ~iI of claim I wherein said compensation receivin. an inpuc sipaI from said IICGIICl amplifier.

ClJ'cwt compnses: measurinl 10pPduaic pow.- 0( said input lipal, and
an op .~p havin, a noninveninJ iD~ut capab~e of provicIiIlJ a COIleapoadinl a correspoadinJ linear un-

recelVlnl a reference vol...e. an Invertlnl Input so c:ompenuUMI pill coatrol sipaI.
capable of receivinl aD UDCOlDpenI&ted pin con· 12. A doled loop automatic pia coatrol (AGC)
trol signal provided by Mid incepator. aDd an out· circuit COIIIPrisiq: .
put: and amplifier means for receiviDl an input sipal which is

• nonlinear feedback necwork coupled between said lUlCepuble to variaIioaI in sipaI power. receiYinI
op amp outpUt and said invertin, iDpuc. ".coacrol sipal, ampJifJial said input sipal at •

4. The circuit ofclaim I wherein said intelrator com- pia level deterJaiDed by IIid CODuol sipal and
prises: providiDla COIlespoadinl ampliraer means output

an op amp haviq a noniaveniq input capable of si"", said amplifier _ compriliDl:
receivinl a measurement sipal provided by said compenetioa meaaa for receiviDl said coatroJ
received sipalltl'ellpb indicator. aDd an invertinl 60 sipal and aeaeratiDa a c:on'IIpoadinl compcn·
input capable of receiving said reference signal. satioa lipal 1ClCOrdin, to predetenDiDed com·
and an output: and peuation cbaracteristics;

a capacitive feedback network coupled between said input amplification means for. receivinl an input
op amp output and said inverting input. sipal and said compeaution sigaal, amplifyinl

5. The circuit of claim I wherein Mid received signal 6' said iDput sipal at an input pin level deter·
strenlth indicator comprisd measurement means for. mined by said compenulion signal and provide
receiving an input signal from said second amplifier. ina a corresponding iDput amplifccalioD means
measuriJll logarithmic power of said input sip. and output signal;
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filter means for receivin. and filtering said input said compensation melDS .ae.-es said compensa·
amplification means output si-al; and tion~ accordiftJ to predetermined pin com·

outpUt amplification m~s for.·;~eivinl said fi). peftSaboD chancteristics;'and
said inputlmptifk:ation meaas aod saict OUtput ampli·

tered input amplification means output signal ~ ftcation means pia in dB is • 1-" (unctioD ofsaid
.and said compeasation sipal. amplifying said control iipal over a predetermined pin ~.e.
rlltered input amplirlCalion means output signal II, The circuit of claim 12 wherein said input sipal
at an output pia level determined by said com· contaial intcmDation in a predetenftined ODe or diJiI&1
pensuicm sipal aacI providial a corresponding and aaaIoI ronn. . .
output amplification tneanI outpUt lianal as said 10 U. A IDlItbod for providfDl closed loop aUlOln&tic
amplifier means output sipaJ; pia COIIIrol over a hip dydlmic~p comprisin.the

measurement means coupled to said amplifier means stepS of:
for~ lopridunic lipal power of said compeHMilll a COfttroi ..... 1CCOfdift. to predeter.

IIIiIIed compeuatioa cbancteristicI so as to pro-
amplifier means output s&paI and providin. a cor· 15 vide a ....--ted CDDlI'Ol ....I_.t••-_....I.... ...,m......- •••__1•• aacI r-....-
,------ ---'- amplifyin. aD ioput IipaI at a ......cIeteJ...·-rmiaedllOi';"'M by

iDtesralioD melftS for rer:eiviq Mid ....urement Slid ca., I ntld CODII'OIIipIl. Slid aapliftcation
sipal. reeeiviq a ref_ Ii...... which corre· of laid input lipal comprisin, the..of:
IpOIIdI to a desired sipaI power of said output receiviDI said input sipal;
sipal. intelP'Atin. with respect to time a difference 20 receiviq laid c:oapn . ted coauoIlipal;
between said measurement 11,''''-1 and said refer- amplifyinl said input lipal ata ftnt pill level

••- determiaed by laid CDIIIpeMated COIIttOI lipal;ence sipal. and providin. said control sipaJ.
13. The circuit of claim U wherein said measurement pro.:::*:..a:::~....=~~iDg to

means comprises a received sipal strength indicator 25 f1Itaiaa Slid fint -.pJified Ii_
circuit. aapJifyina said filleted first lIIIpIifted sipal at a

14. The circuit of claim 12 wherein said integration IICODd pia level deIenDiaed by said campen.
means comprises: .. CGIlU'OI Ii.... aDd

an op amp havinl a noninvertin. input capable of providiq aD outp8t sipaI corresponclinl to said
receivinS said measurement sipaJ and an invening JO -=- pia &evel ampIif'led filtered first ampli

ftedli-I •input capable of receivin. said referepce signal. ..-.
measuriDllol sipal power of said 0UIpat Iipa);

and Q o,*tput: and provi4iDI a __._t sipal COINIp III1Cling to
a capacitive feedback network coupled between said ~ Iipal~ of uicI QIIIN& 1ipaI;

op Iql OUtpUt and said inverting input. 35 inte"" widI rei1*=' to tilDe a~ between
15, The circuit of claim 13 wherein said intesration saicl........,....t sipal aad a......tipal; and

means com""': providing said control lip COrI'II~ to a re-
an op amp hams a noniavening input capable of suit of iatqrlltiq said ............ IipaI and

receivin. said measurement sipal and an invening refereacc Nul ditr~. .
input capable of receiving said reference signal... 40 . 20. T'be~"of~ 11w~~ oompensa·

d . d Itonc~ are pqt dtaracteriIticL
an ~.output. an . 21. Tbe ft.edIod of cJaiIn 11 wbereill said ..-..ure.

a capacJltve feedback n~tw~rk coupl~ between wd ment sipal ila.1iD1ar Slpa1 comsponclinl to._ mea.
op am~ ou~put and said Inv~. ~p.ut. . sured 100sipalpower.

16. 11ae~U1t ofclaim U wherein said Input amphfi. 45 n. The method ofclaim 14 whCftia _step offilter·
cation means aad said output amplification means each ina compriles bald,*, rliterinS said fine amplified
comprise a dual pte FET amplirler. sipaJ.

17. The circuit of claim 12 wherein:

60

65
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level .. ~cessary to maintain quality communIcations so
as 10 ~ult in a reduction in S\'stem interference.

The tub then transmits a ro~'er control command
signal to each mobile user 50 as to adjust or "line tune"

5 the transmit power of the mobile unn. This command
signal is used by the mobile unil to change the transmit
power level closer to a mmimum level required to main
tain the desired communications. As channel conditions
chan,e. Iypically due to motion of the mobile unn. both
the mobile unit receiver power measurement and the
power control feedback from the Hub continually read-
just the transmit power level so as to maintain a proper
power level. The power control feedback from the Hub
is generally quite slow due to round trip delays through
the satelUt. requiring approximately t of a second of
propagation time.

One important difference between satellite or terres-
trial base stations systems are the relative distances
separating the mobile units and the satellite or cell·site.
Another important different in the satellite versus the
terrestrial system IS the type of fading that occurs in
these channels. Thus. these differences require various
refinements in the approach to system power control
for the terrestrial system.

In the satellite/mobile unit channel. i.e. the satellite
channel. the satellitt' repeaters are normall)' located in a
geosynchronous earth orbit. As such. the mobile units
are all at approXimately the same distance from the
satellite repeaters and therefore experience nearly the
same propagation loss. Furthermore. the satellite chan
nel has a propagation loss characteristic that follows
approximately the inverse square law. i.e. the propaga·
tion loss is inversely proportional to the square of the
distance between the mobile unit and the satellite re
peater in use. Accordingly, in the satellite channel the
variation in path loss due to distance variation IS typl-
cally on the order of only 1-2 dB.

In contrast to the satellite channel. the terrestrial/mo
bile unit channel. i.e. the terrestrial channel. th~ distance
between the mobile units and the cell sites can vary
considerably. For example. one mobile unit may be
located at a distance of five miles from the cell site while
another mobile unit may be located only a few feet
away. The vartation in distance may exceed a factor of
one hundred to one. The terrestrial channel experiences
a propagation loss characteristic as did the satellite
channel. However. in the terrestrial chdnel the propa
gation loss characteristic corresponds to an inverse
fourth-power law. i.e. the path loss is proportional to
the inverse of the path distance raised to the fourth
power. Ac:cordin,ly, path loss variations may be en·
countered which are on the order of over 80 dB in a cell
having a radius of five miles.

The sateUite channel typically experiences fadinl that
is characterized as Rician. Accordingly the received
signal consists of a direct component summed with a
multiply reflected component having Rayleigh fading
statistics. The power ratio between tbe direct and reo
flected component is typically on the order of 6-10 dB.
depending upon the characteristics of the mobile unit
antenna and the environment about the mobile unit.

Contrastin, the satellite channel with the terrestrial
channel. the terrestrial channel experiences signal fad·
ing that typically consists of the Rayleigh faded compo
nent without a direct component. Thus. the terrestrial
channel presents a more severe fading environment
than the satellite channel where Rician fading is the
dominant fading characteristic.

1

DIVERSITI' RECEIVER I~ A CD:\fA CELLULAR
TELEPHO~E SYSTE.'I

BACKGROUND OF THE INVENTION

I. Field of the Invention
The present invention relates to cellular telephone

systems. More specifically. the present invention relates
to a novel and improved receiver design for enhancing 10
the reliability and communications in the cellular tele
phone environment.

II. Descnption of the Related Art
The use of code division multiple access (COMA)

modulation techniques is one of several techniques for 15
facilitating communications in which a large number of
system usen are present. Although other techniques
such as time division multiple access (TOMA). free
quency division multiple access (FOMAl and AM mod·
ulation schemes such as amplitude companded single 20
sideband (ACSSBl are known. COMA has significant
advantages over these other techniques. The use of
COMA techniques In a multiple access communication
system is disclosed in C.S. Patent applicauon Ser. So.
06/92I.261. filed Oct. 17. 1986. entitled "SPREAD 25
SPECTRUM MULTIPLE ACCESS COMMUNICA
TIO!lO SYSTEM USING SATELLITE OR TERRES
TRIAL REPEATERS", now C.S. Pat. No. 4.901.307
aSSigned to the assignee of the present invention. the
disclosure thereof incorporated by reference. 30

In the just mentioned patent. a multiple access tech
nique is disclosed where a large number of mobile tele·
phone system users each having a transceiver communi·
cate throu,h satellite repeaters or terrestnal base sta·
tions (also known ascell·sites stations. or for short cell- 35
Sites I using code division multiple access (COMA)
spread spectrum communication si,nals. In using
COMA communications. the frequency spectrum can
be reused multiple time!> thus permitting an Increase In 40
system user capacity. The use of COMA resuhs in a
much higher spectral efficiency than can be achieved
uSing other multiple access techmques. In a COMA
svstem. Increases in system capacity may be realized by
c~ntrolling the transminer power of each mobile user 50 45
as to reduce Interference to other system users.

In the satellite application of the COMA communica
tion techmques, the mobile unit transceiver measures
the power level of a SIgnal received via a satellite re
peater. Usin, this power measurement. along with 50
knowledge of the satellite transponder downlink trans
mn power levei and the sensitivity of the mobile unit
receiver. the mobile unit transceiver caD estimate the
path loss of the chdnel between the mobile unit and the
satellite. The mobile unit transceiver then determines 55
the appropriate transmitter power to be used for signal
transmissions between the mobile unit and the satellite.
taking into account the path loss measurement. the
transmitted data rate and the satellite receiver sensitiv-
~~ ~

The signals transmitted by the mobile unit to the
satellite are relaved bv the satellite to a Hub control
system earth station. The Hub measures the received
signal power from signals transmitted by each active
mobile unit transceiver. The Hub then determines the 65
deviation in the receIVed power level from that which is
necessary to maintain the desired communications.
Preferabi)' the desired power level is a minimum power
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The Rayleigh fading characteristics in the terrestrial receives tbe mobile telephone signal with bener sienaI
channel signal is caused by the signal being reflected strength than the current c:eJ1-slle.
from many different features of the physical ellViron- The system COIlcroller in rC5pOllS4 to the c:urrcnt cell-
ment. As a result. a si,nal arrives almost simultaneously site inquiry seads IIICSNgcs to the neigbborin, celkites
at a mobile unit receiver from man)' directions with 5 with a handoff request. The ceJl-site nei,hborin, the
different transtnission delays. At the UHF frequency current cell-sice employs special scanninl receivers
bands usually emplo)'ed for mobile radio communica· which look for the sianaJ from the mobile unit on the
tions. including those of cellular mobile telephone sys· speciraec:t channel. Should one of the neipboring cell-
tems. sipificant phase .differences in sipals traveling sites repon an adequate sipal level to the system con.
on different paths may occur. The possibility for de· 10 troller. then a huclotT will be auempted.
structive summation of the sianals may result. with on HancIoff is lhen initialed when an idle channel from
occasion deep fades occurring. the channeJ set used in the new ceJl-site is selected. A

Terrestrial channel fading is a very strong function of control .....,e is sent to the mobile telephone com-
the physical position of the mobile unit. A small change manda, it to switch from the current channel to the
in position of the mobile unit chan,es the physical de- 15 new chanaeJ. At the same time. the system controller
la)'$ of all the sipl propaption paths, which funher switches the call from the tint ceJl-sice to the second
results in a ditTerent phase for each path. Thus, the ceJI-site. In the conventional system a break-before.
motion of the mobile unit throulh the environment can make scheme is utilized such that no diversity reception
result in a quite rapid fading process. For example. in is possible in overcoming fades.
the 850 MHz cellular radio frequency band. this fading 20 Furthermore should the mobile telephone fail to hear
can typically be as fast as one fade per second per mile the command to s~itch channels. the handoff will fail.
per hour of vehicle speed. Fading on this order can be
extremely disruptive to signals in the terrestrial channel Actual operating experience indicates that handof1' fail·
resultin, in poor communication quality. However. ures occur frequently which questions the reliabilit)· of
additional transmitter power can be used to overcome 25 the system.
th~ problem of fading. In the conventional cellular telephone system. path

The terrestrial cellular mobile telephone system typl. fading deleteriously affects communications and can
cally requires a full-duplex channel to be provided in cause disrUption in call service. It is therefore an object
order to allow both directions of the telephone conver. of the present invention to provide. in a cellular tele-
Sltion to be simultaneously active such as provided by 30 phone system, receiver a design which facilitates recep-
the conventional wired telephone system. This full. tion and processing of the stronlest sianals transmitted
duplex radio channel is normally provided by usinS one from one or more ceil-sites. these sipals beina multi-
frequency band for the outbound link. i.e. transmissions path silnals from a sinale cell-site or sipals transtnitted
from the cell-site transmitter to the mobile unit receive by multiple cell-sites.
en. A ditTerent frequency band is utilized for the in· 35 SUMMARY OF THE INVENTION
bound link. i.e. transmissions from lhe mobile unit trans·
miners to lhe cell-site receivers. According. this free In a COMA cellular telephone system. the same free
quenc\' band separation allows a mobile unit transmitter quency band is used (or ~ommunication in all cells. The
and receiver to be active simultaneouslv withoul feed- COMA waveform propenies that proVide processing
back or Interference from Ihe transmitter into the reo 40 gain are also used to discriminate between..Si,naIsthal
ceiver. occupy the same (requenc)' band. Funhermore the hi,h

In the conventional cellular telephone system the speed pseud~noise (PN) modulation allows~y ditT~r.
available frequency band is divided inlo channels typi- ent productIon paths to be separated. prOVIded the dlf-
cally 30 KHz in bandwidth while analog FM modula- ference in path propaption delays exceed the pN chip
tion techniques are used. The system service area is 45 duration. or onelbandwidth. Ifa PN chip rate of I MHz
divided geographicall)' into cells of varying size. The is employed in a COMA system. the full spread spec·
available·frequenc)· channels are divided into sets with trum processin, pin. equal to the ratio o,fthe spread
each set usually containing an equal number of chan- bandwidth to system data rate. can be empl()yed .,linst
nels. The frequeney sets are assigned to cells in such a paths that ditTer by more than one microsecond in path
way u to mtnimize the possibility of co-ehannel inter- SO delay from the desired path. A ODe nUc:rosecond path
ference. For example. consider a system in which there delay ditTeratial corresponds to difTerentiai path dis-
are seven rrequ~y sets and the cells are equal size taDce or 1,000 feet. The urban enVircmment typically
heulons. A frequency set used in one cell will not be provides difTeratiai path delays in excess ofone micro-
used in tM six narest or surroundin, neighbors of that second, and up to 1~20 microseconds are reponed in
cell.Fu~ the frequency set in one cell will not " some areas.
be~ in thiftweJve next nearest neighbors of that cell. IJl narrow bud modulatioa syst.. i,ucb as the ana-

In the conventional ceUutar telephone system, the log FM modula~.employed by ~v~tioQIl.ttJe-

hande« sc:heIIle impletnenled is intended to allow a c:all phone Syaelft$, die elistenee ofmulti~I*hs~.PI
to concinue when a mobile telephone crosses the bound- severe multipathf...With~COMA _u-
ary tIetween two cells. The bandofT from one cell to 60 lalion. however, the different~ ...y be diIcriIni-
anoller is initiated when the cell-site receiver handling nated .... in the demodtalationproc:aa. This ctiscrim-
the call notices that the received signal stmtath from iulian .,eatJy reduces the severity ofmultipath f".
the mobile telephone falls below a predetermined Muftipath fadinl is nOt totally eliminated in using
thresbO.ld value. A low signal strenlth indication im- COMA discrimination teehniqu. because there will
plies that the mobile telephone must be near the cell 65 occasionally elist paths with delay ditTerentiail of less
border. When the siJtlal level falls below the predeter· than the minimum path delay for the particular system.
mined threshc:>ld value, the cell-site asks the system Signals havinl path delays on this order cannot be dis-
controller to determine whether a neighboring cell-site criminated against in the demodulator. It is therefor
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desirable that the system should provide diversity to In the COMA cellular telephone system. each cell-
funher reduce the effects of fadin~. site transmits a "pilot carrier" sigRal. This pilot silnaJ is

The deleterious effects of fadin, can be controlled used by the Qlobile units to obtain initial system syn-
somewhat by eontrollinl transmitter power in the chronization and to provide robust time. frequency and
COMA svstem. A svscem for ~I-site and mobile unit ~ phase trackin. of the cell-sile transnuned si.nals.
power control is diSclosed in copendinl U.S. Palent Each cell-site also transmits a "setup" channel com-
Application entitJed "METHOD AND APPARATUS prised of spread spectrum modulated information. such
FOR COSTROLLINO TRANSMISSION POWER as cell-site identification. system timina. mobile paling
IN A COMA CELLULAR MOBILE TELEPHONE information and various otber control signals. The pilol
SYSTEM", Ser. No. 07/433,031. filed Nov. 7. 1989. by 10 signal tr~mitted by each cell-site is of the same spread-
lhe invcnton bereof and wi,ned to the Assignee of the ing code but with a different code phase offset. Phase
prelent inventioa. Funhermore tbe effect of multipath offset allows the pilot sipaJs to be dislinluished from
fadinl can be reduced in tbe handoff mode wben the one another resultiDJ in diltiDluilhment between cell-
mobile unil is IransitioRinl between cell-sile service sites from which they oriJinale. Use of the same pilot
area wilh the mobile unil conunualeating ceU-siles dur- " silnal code allows the mobile unit to find syStem timing
ina the handoff process. The handoff' scheme is dis- synchronization by a sinale search throulh all pilot
cloled incopenclilI' U.S. Patent Application entitled silnal code phases. The SltODJest pilot signal. a deter-
"SOFT HANDOFF IN A COMA CELLULAR mined by a correlation process for each code phase. is
TELEPHONE SYSTEM". Set. No. 07/433.030. filed readily identifiable. The identified pilot silnaJ corre-
No,,'. 7. 1989. b)' the in",enton hereof and aui.ned to 20 sponds to tbe pilot silnaJ transmined by the nearest
Ihe Assignee of the present invenuon. cell-site.

The elLlstence of multipaths can provide path diver- Upon acquisition of the strongest pilot signal. i.e.
sit" to a wicieband PN COMA s,,"slem. If IWO or more initial synchronization of the mobile unit with the stron-
paihs are available with greater ihan one microsecond gest pilot si,nal. the mobile unit searches for the appro-
differenual path delay. IWO or more PS receivers can l' priate setup channel oflhat cell-sile. The setup channel
be emplo)'ed to separatel)' receive these signals. Since is transmined by Ihe cell·sne USin, OIle of a plurality of
Ihese signals will typicall)' ClLhibit independence in mul- different predetennined spread spectrum c:oc:les. In an
tipath (adina. i.e.. they usually do not fade together. the exemplary embodiment of Ihe present invention.
OUlputS of the two receiven can be divenity combined. twenty-one different codes are used. However. it
Therefore a loss in performance onl)' occurs when both 30 should be undentood thai more or less codes could be
receiven .1Lpenence fades at the same time. Hence. one used in the se1Up channel a determined by system pa-
aspect ofthe present invention is the provision of two or rameten. The mobile unit then belins a search Ihrough
more PN receivers in combination with a diversity all of the differenl codes used in the setup channel.
combiner. When the mobile unit identifies the appropriate setup

Another aspect of the present invention is that as a 3' code for thai cell·site. system information is received
mobile unit moves throulh the phlo'sical environment. and processed. The mobile unit funher moniton the
the number of multiple paths and their Signals strengths setup channel for control messages. One sucb control
constantly "'..n·. The present Invention therefore uti- message would indicate a call is waning for transfer to
Iiz~$ a sP"ia.1 receiver. called a searcher receiver. this mobile unit.
which can~Jantl)' scans the time domain of tbe channel 40 The mobile unit continues to scan the received pilot
to detennine the ClListence. the location in IAe time do- carrier signal code at the code offsets corresponding to
main. and the relative sisnal strengths of signals in the neighborinS cell·site tmpmitted pilot silnaJs. This
multiple path en\'ironment. The searcher receiver pro- scanning is done in order to determine if Ibe pilot signal
vides control over the data receiven in tracking the best emanatinl from neipborinl cells is bec:;oming stronger
signal!> av~lable on differing paths. 4' than the pilot sipal rust determined to be Slronlest. If,

In a COMA cellular telephone system. each cell-site while in this c:aJ1 inactive mode. a nei,hbor cell·site
has a plur~in' of modulator-demodulator ~nits or pilot signal becopaes. stl'Ofller than that of tbe initial
spread s~trum modems. Each modem consists of a cell-site transmitted pilot ulnaI. lhe mobile unit will
di,itaJ sprQ'dspec,trum transmit modulator. alleast one acquire the suoqet, piJol sipaJs and coaesponc:ling
diJital spread, s~trum data receiver and a searcher ~o setup chaanel of _ pew c:elltolite.
receiver. Each modem at the ceJl-sile is assilned 10 a When a caD is~ a pseudonoilC (PN) code
mobile unit a needed to facilitate conununications with address is decennined Cor use duriDl the coune of this
the auip~.mo~iJe.unit. Therefore in many instances call. The code add,. may be eilher auipeel by the
many mod~sare available for use while other ones cell-site or be determined by prearrIIlIlllDeDl baled
may be ~ive in ~9mmunicatinl with respective mobile " upon lhe idCDli1y of tile mobile unit. After a all is initi-
uniu. A I9Ctllal}dbffschemeis employed for a COMA ated the IIlQbiJe uail.COftli!Iue$ to scaa the pilot ulnal
cellular ~e system in w~ic::h a aew celJoSite transmitMd by cell.... Ioc:ated in nei~ cells.
~ocfem ~,-In~ to. a mobile unit while the old cell- Pilot sipallCllUiUaleoUues in order tQ determine if
site COtatiJNes ti) '~rvic:c the call. W'hen the mobile unit one of then~ceUotile traasmitced pilot IipaJs
is IocItedIa tbe U'aMition relion between the two ceU- 60 becomes IU'OftIeI' thin tbepilol sipaJ tJ'Mllftilted by
sites. the call * be Switched back and Conh between tbe ceUosite tile~ wail is in COIIUIIuait:;llicMl with.
cell-sitesasipal streriJfh dictates. Since the mobile When the pilot silMJ U'IJ*IIined by a ceJltolite located
unit is always coilmunicatingthrough at least one cell- in a nci&bboriq ceU becoates stronger than ,the pilot
site. no disrup~irIleffects to the mobile unit or in service sisnaJ transmilted by a ceJI-site in tbe curremcelLit is
will occur, The present invention utilizes multiple reo 6' an indication to the IIIobiIe unit dw a new ceU hu been
ceiven at the mobile unit which are also used in a diver- entered and that a handoft' should be initiated. In re-
sitY function when in the handoff process or finnly in a sponse to this pilot sipaJ strealth determination. the
single cell. mobile unit generates and transmits a control messa,e to
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the cell·site presently servicing the call. This control lion in a sinBle cell. the scanning recetver attempts to
messqe. indicative that a new cell-site transmitted pilot find the cell-site transmitted signaltravellin, upon mul-
si,nal is now Slronger than the current cell-site trans- tiple paths to the mobile unit. These multipath sipal~

mUted pilot signal. is provided to the system controller. are typically caused by reflections of the signals by the
The control mess&,e funher contains information iden· S terrain buildinas and other sipals obstructions. When
tifying the new cell-site and PN code. The control mes- two or more such reflections are found. the two receiv-
sage as relayed to the s)'Stem controller is interpreted ers are assiJned to the twO stton,est. paths. The scan-
that a handoff in mobile unit communications to the ning receiver continues to evaluate the multiple paths to
jdentified new cell-site is to begin. keep the twO receivers syncbronized with sipals on the

The systelJ1 controller now begins the haadofT pro- 10 twO strongest paths as path conditions chanp.
cess. It should be understood that during handofT the In the cell-site diversity mode. the stronlest paths
PN code address of tbe partICular mobile unit which is from each cell-site is determined by tht searcb receiver.
to under,o the handofT process need not chan,e. The The two receivers are assiped to detnodulate the si,-
system controller. begins the handofT by assigning a naIs on the stton,est two paths of the paths available
modem located in the new cell-site to the call. This 1S from the original cell-site· aDd from the new cell-site.
modem is ,iven the PN .adress associated with the call The data demodulation process uses information from
in communications between. the mobile unit and the both of these receivers in a diversity combinin, opera-
current cell-site modem. The new cell-site modem as- tion. The result of this diversity combinin. operation is
signed to service the call searches for and finds the a Bready improved resistance to deleterious fadinl that
mobile unit tr..-smined,sianaJ. The cell-site modem also 20 may occur in tbe multipath cellular telephone environ-
begins transminin, an outbound silnal to the mobile ment.
unit. The mobile unit searcbes for this outbound signals The present invention uses diversity combinin. to
in accordance with the silnaJ and setup channel infor· significantly advance the quality and reliability of com.
mation provided b)' the new ceJl-site. When tbe new munications in a mobile cellular telephone system. In
cell-site modem transmitted silnal is ac:quired. the mo- 2S the present invention a form of maximal ratio combin-
bile unit switches over to listening to this si.nal. The ing is utilized. The sipal-to-noise rllio is determined
mobile unit then transmitS a control messa,e indicating for both paths being combined with the contributions
that handoR' is complete. The control messa.e is pro- from the two paths weilbted ac:cordin,I)·. CombiDina is
"ided by either or botb of the old and new cell-site coherent since pilot siJnal demodulation allows the
modems to the system controller. In response to this 30 phase of each path to be determined.
control message the system controller switches the call In the path from tbe mobile unit to the two cell-sites,
o\'er to the new cell-site modem alone while disc:oman· path diversity reception is also obtained by havin. both
uinS the call tbrou,h the old cell-site modem. The old cell-sites demodulate the mobile unit transmitted si,-
ceU-site modem then enters a pool of idle modems avail- nals. Botb cell-sites forward their demodulated data
able for rea$Signment. 3S signals to the system controller alonl with an indication

However. "'hen tbemobile unit is within a sin,le cell of signal quality in the cell-sites receiver. The system
service area. in which the cell-site si,nals. are muhipath controller then combines the two versions ofthe mobile
signals. tbe correspondin, cell-site traDlimined signals unit signal and selects the signal witb the best quality
are stronger than any other cell-site transmined signals indication. It should be UDdemood that it is possible to
which may be received .nhe mobile unit. In tbe single 40 transmit the uadecoded or even the undemodulated
cell mode of operation. the searcher receiver monitors signals to the system controller in order to allow a bet·
lhe multipath signals and identifies the strongest as re- ter diversity combinin, process to be utilized.
ceived on the various multipaths. The searcher receiver The system comroller responds by connec:tin, the
pTOvidC! this informatiOn to the mobile unit control call to a modem in the new ceil-site. The SYSleDl con-
processor which instructs the dati receivers to track the 45 troller then performs diversity combinin, of the lipaJs
signals upon these strort,est paths. The si,nals are then received by the two· cell-sites while the mobile unit
output from the data receivers where the)' are provided performs diversity combinin. of tbe lipals received
10 a diversity combiner. from the two cell-sites. The cell diversity mode contin-

During call handotr, mobile unit communications Ues as lon, as sipalsreceived from both ceU-sites are of
with the various cell-lites is SUbject to path diversity. 50 a level sumiCient to permit lOad quality demodulation.
These commuaicationl ate also processed by the multi- The mobile unit continues 10 search (or lipals enns-
pie receivers at the IIIObtle umt for diversity combina- mitted from other eeI1-sitel. If a third cell-site trIftIIIIit-
tion. Funhermore the siJnals tranlllritted throulb the ted Ii..... becom.1ttOa1lf thu oneof'the oriJiDal two
various cell-sita are combined in a diversity combiner cell"'te lipals. the control ....... is thea trIIIImined
at the system cOIlttoller. The~t invention funher 55 by the mobile unit via at least ODe curreat celkite to the
permits what lsref'etred to hemn .. the cell",ite diver- system controller. The control m-ae incIic:aIes the
sity mode at tinI.other ttalna handafl'. In this mode the identity of this eell-site and a request for baadofI'. The
mobile unit is permiued t6 communicate with various system controller then discontinues the call beiaa com-
cell-lit. on an onJOin. basis. munieated via the weakest eell-site lipal of the three

In the cell-sitt divenity Mode the callis allowed to 60 while providift, the call throuP the two stroIl,est
lin,er in the in-between Slate as described above with cell"t.. Should the mobile units be equipped with
reference to the call Mm, procelled by two cell-sites. additional receivert:, such as three recetvers, a triple
In the ellempJaryembadiment described herein with cell-site diversity mode may be implemented.
reference to the IIIObiJe teIepboneof the present inven- The cell-site diversity mode is terminated when the
tion. a total of tbree~torproCeI!Iors or receiv- 6' mobile unit determines that only one cell"te is provid-
ers are utilized. One or the receiven is used for the ina adequate lipals for·qua!ity demOduJatioil. The ma-
scannin, function, while the two other receivers are bile unn: then sends a control mesuse indicative of the
used as a twO channel diversity receiver. During opera- cell-site to remain in communication upon termination
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of the cell-site divenity mode. The cell-site divenitl' telephone are illustrated. Arrows .-206 and UG-12b
mode may also be terminated by the system controller if respectively defane the possible communication links
the system were to become overloaded with an insuffi- beIweeJt ceH-site U aDd mobile units I' Iftd II. Simi-
cient number of modems available to suppon all mobile lady. arrows.~* and arrows Z6lr-ztb respectively
unn requests for this mode of operation. The cell-site S define the possible CClmtDUDication links becweerl cell-
di"'enny moc;le as dilcuued is implemented by decisions site 14 and mobile units I' and II. Cell-sites U and 14
beina made at the mobile unit to operate i.. the cell-sice nominally trantmit usiaa equal power.
diversity mode. However. it should be undemooc;l that The cell-site service areas or cells are desilfted in
the cell-Site divei'sit)' mode can be impiemetued with geoBraphic shapes such tbM the mobile unit will nor-
the decisions for operation in this mode beina made at 10 mally be c10teIr to one cell...... When the mobile unit is
the system controller. Ie sbould also be understood that idle. i.e. no calls in propea. the mobile unit constantl)'
the cell-site receiver can employ the above described moniton the pilot IianaJ transmissions from each
muhiple receiver architecture to provide divenity re- nearby cell-sile. Asilhasttated in FIG. I. the pilot siS-
ception when sianaJs arrive at the cell-site from a mo- nals are respectively transmitted to mobile unit 16 b,'
bile unit after trlvellinl over palh5 wim Ireater than 15 cell-sites U and 14 upon communication links. and
one PN. chip differential delay. Z6lr. The nMIbiIe anit tllen delennines which cell it is in

The present illvention provides a substantial improve- by compuiftJ t1pa1 strenJlh orpilot sisnaJs transmined
ment over co~ventiona1~ellular telephone systems with from these panicular cell-sites.
r~pect tor~~ to saanal fades by coherently com- Mobile IIftit I' measures the total received power in
blftlng mulupath Signals, 20 pilot signals transmitted by cell-sites 12 and 14 upon

BRIEf DESCIUmOJll: Of THE ORAWINGS path 10a and" Similarly, niObiJe unit II measures the
The features and advantaaes of the present Invention tOlal received power in pilOt sipals as lransmined by

will become more apparenl from the dewled descrir- cell-sites 11 and 14 upon paths UG and Z4cr. In each of
lion set fonh belo.\Io' when taken in conjunction with the :!s mobile units 16 and II. pilot silftal power is measured in
drawin,s in whicta like reference characlen correspond the receiver where the lipal is a wideband silnal Ac-
IhroulhoUI and wllerelft: cordingly. this power ~urement is made prior to

fiG. 1 is a scbematic overview of an exemplary correlation of the received silnal with a pseudonoise
COMA cellular lelcphone system in accordance with (PN) spectrum sltreadin. sianaJ·
the present invention: 30 ~'hen ,mobile untl16.is closer t~ cell-site 1%. th~ re-

FIG. 1 is. bl~." diaaram of a mobile unit lelephone cetve~ sl,naJpower Will be d~Jna~ed b~ the SlanaI
confi.ured (or COMA communications in a COMA trave~lnB path ..~ moblle~t ~ 15 ~earer to
cellular telepllonc system: cell-~ne 14•. the .receJved power ~t~1 be domuwed ~y

FIG. 3 is a block diaaram of a cell-site equipmenl in the 51....1travebnl on path" Silmlarly, wben D)Obde
a COMA cellular telephone system: and 35 unit 11 ~s close~ 10 cell~site 14~ Ihe received power ",,:iIl

fiG... is a bloc~ diagram of a mobile telephone be ,dom~nated by the~ on palh~.. When mobt~e
switchinB office equipment, unit 1115 closer to cell-stte U. the receJved power Will

be dominated by Ihe si"'" travelill, on path12a.
DETAILED DESCRlmON OF THE Each of mobile waits 16 _ II use the resultant mea-

PREfER.RED EMBODIMENTS 40 surement. tOI'lher. with Qowled&e of the .cell-site
An .xemplar)'telephones)·stem in whidYlheol'....lIt transmitter power and the mobile unit antenna pin. in

mvenuon is embodied is iJlustrated in FIG. I. The sys- estimatinl the. path lou to the closest ccU-site. The
lem Hlusrrated ill flO. I utilizes COMA modulation estimated path lou. toptbtr' with knowled.e o( I~
lechniques in commUDication between the system mo- mobile antenna pm aad the celloSite GIT (receive ...-
bile unus or m.le telephones. and lhe cell-siles. Cellu- 4S tenna ,ain G divided by receiver noise leYel n is used
lar S)'stems in lar,e cities may have hundreds of cell-sile to determine diC._ ttanlalitter power required to
5tatiOM servta. hundreds of thousands of mobile tele- obtain the desired carrier-to-noise ratio in the cell-site
phones. The use ofCOMA techniques radii)' facilitates receiver. Tbe knowJedp by the mobile units o( the
increases in IlS:et capac1I)' ia systems of this size as com- cell-sit~ ~.~.be eUher (lHCi •~ or
pared toconvenQoul FM modulation qllular systemS. SO transmUted III coD..." ........aoa broadcast sapa1s.

In Fla.!. s)'ltem controller ..ad swiJch 10, aJso re- setupc~1O~""&bill ftOII'Iiul CODditions
ferred 10 I$JI;IQbiJe~boae swUc:biIt& office (MTSO), for a partK1"~
typic:aJ1¥ ind", illterflcc and procenill' circuiuy ror ID the e aGo I UDit 16
prov1dillJ.,s~~ 10 lbe ceJloIites. CoauoileriO ~ybe.~.~ to celkiae u.,~~Ie
cOCltroJs.;~.~=.~. .0.r.~e calls from the public 55 wut 16 tN,*- ' ..~.•~ UUI1Ilitted
swiJc:hed. ._work (PSTN) 10 the .ppropriate to Ihe~~"celHile ·120 CeIHite U upon
ceJl-sile fpr .~.a.;"ioD 10 Ihe appropriaae mobile URiI. receivin& m, qI,il........ ~'I'" ....I,... COD-
Cont~lle.r ..a1Io colaUQl. the roulia. of calls rrom the troJler 10 and tI'IIIIfers the _ luaaber. 5,... CODtroI-
mobile 'HUts. via .. least one celloSite to &he PSTN. ler 10 thenC'ClDIIIC'IUhe call tlnup the PSTN to tbe
Controller 10 ....y direct calls between mobile users via 60 inlended felli"'"
the appropriate ceJl-site ltatians since such mobile units ShouJda-' '" iii If within the PSTN, coatroUer
do not typiea11y commUDicate directly with one an- 10 tranami.t... ,alt 10 all tIIe_Hita in
other. the area. The cetl · UUIIDilapalial mes-

ConuQller .0 ....y be coupled to &he cell-lites by sale to the .~!l~ ~j.'.~eunit. WIleD the
various meaIIIsuc:bas~ted teJepboDe lines. optic:al 65 mobile unit ,r _ it with a
fiber links or by _rowave communicati9n links. In conlrollMllllP_ to the nearest ceU~
FIG. 1_lwo such eumplary celloSites 12 and 14. along site. This control ..-ate sipaIs lhe lyacelll conlroller
with mobile units 16 and II each includina a cellular that this panicular cell-site is in commUDication with
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the mobile unu. Controller 10 then routes the call lenna 30 collects transmitted sipals and provides them
thrOUlh thii cell-iite to the mobile unit. throu.h dipleUC' 32 to analol receiver.14. Receiver .14

Should mobile unit 16 move out of the coverale area receives Ihe RF frequenc)' signais from dipJexer 32
of the initial cell·site. cell·site 12. aD attempt is made 10 which are typtcally in the 850 MHz frequenc~' band for
continue the call by rQuting the call through .aDother S ....pliflC&lionand frequency downconversion to an IF
cell-iite. In the handofT process there are two difTerent frequency. This translation proces~ is accomplished
methods of initiatina the hando« of the call or roullng usinl a frequency synthesizer of standard desi,n which
throush another ccJl·site. permits the receiver to be tuned to any of the frequen.

The first method. called the cell·site initiated meso cies within the receive frequency band of the overall
sage. is similar to the bando« method employed in the 10 cellular telephone frequency band.
onBinal first leneration analol cellular telephone sys- The IF sianaJ is then pusedthrough a surface acous-
tems curtentl)· in use. In the cell·site initiated method. tic wave (SAW) band,.. filter which in· the preferred
the initial cell·site, cell·site .12. notices that the silnal embodiment is &pproJlinwely 1.25 MHz in bandwidth.
transmined by mobile unjt 16 has fallen below a certain The characteristics of the SAW filter are chosen to
threshold le\'el. Cell·site U then tranSmits a handofT IS match the waveform of the sipaJ transmitted by the
request to systcmcontroller 10. Controller 10 ra.ys the cell....te which bas bien direct sequence spread spec-
request to all neishborinl cell·sites. ancJudinl cell·sile trum modulated by • PN sequence clocked at • precle·
14. The controller transmitted request includes informa- termined rate, which in the preferred embodiment is
tion relating to the channel. includinl the PN code 1.25 MHz. This dock rate is chosen to be an iftte,er
sequence used by mobile unit 16. CelloSite 14 tunes a 20 multiple of a number of common data rates sucb as 16
receiver to the channel beans used by the mobile unit Kbps. 9.6 Kbps. and 4.1 Kbps.
and measure the siana! strenlth. typically using digital Receiver .14 also performs a power control function
techniques. If cell·site 14 receivers repan a stronger for adjusting the transmit power of the mobile unit.
i1gnal than the initial cell-site reponed signal strength. Receiver .14 senerale5 an analol power control Slpal
then a handofT is made to this cell·site. 25 that is provided to lransmit power control circuitry 38.

The second method of initiating a handoff is called Receiver .14 is also provided with an analog to dilital
the mobile iniuated handofT. The mobile unit ii (A/D) converter (nor shown) for convertin. the IF
equipped with a search receIVer which is used to scan sipaJ to a diBital sipal with conversion oc:cumn, at a
the pilotsi,nal transmission ofneipboring cell·sites. in 9.216 MHz clock ....e in the preferred embodiment
addition to performinl other functions. If a pilot signal 30 which is uac:t1y Glht times the PN chip rate. The digi.
of cell·sile 14 is found to be stron,er than the pilot tized signal is provided to each of two or more sipal
Signal of cell·sile U. mobile unit 16 traDsmits a control processors or data receivers. one of wIlich is. searcher
message to the current cell·site. cell.sile U. This control receiver with tbe remainder beina data receivers.
messale contains intormation identifying the cell·site of In FlO. 2, the clisiti&ed IipaI output from receiver .14
grealer signal stren,th in addition to information re- 35 is provided 10 diBital daIa receivers 40 and 42 and to
questin, a handotl of this cell·site. Cell·site 16 transfers searcher receiver ... It should be uaderstood that an
this control message to controller 10. inexpensive. low performance mobile unit mi,ht have

The mobile initiated haudoff method has various only a sinale data receiver while hi,her performance
ad\'aDtales over the cell·site initiated bando« method. units may have IWO or IlION to allow diversity recep·
The mobile unit becomes aware of changes in paths 40 tion.
between iuelf and the vanous neighborinl cell·sites The dilitized IF sip may contain the sipals of
much sooOcr and with less etlon than the celloSites are many on·loin. calls 10'el_ with the pilot carriers
capable of eloing. However. to perform a mobile inlli- transmitted by the currenl and all neipborin, cell·sites.
aled handoll'. each mobile unu mUll be provided with a The f\UlClion of the receivers 40 and 41 are to correlate
iearchinl receiver to perform the scan function. In the 45 the IF sunples with .- proper PN sequeace. This cor-
exemplary embodiment described herein of a mobile relalion process provides. property thaI is well-known
unit With COMA communications capability. the in the art as "pr'Cl!Hllina pin" which enhances tbe si.-
search receiver has additional functions which require nal·to-interference ratio of. sipaimalclWl. the proper
its presence. PN sequeoce wbile ftQI enbancia. 0Iber ......... eorre.

When ~unit 16 is wilhin Jhe coverale area of SO Iatioa output is &lien .~us1y detected Uling the
cell·site 14.suc:h that the U'lUIUDined ..gnaJs of cell·site pilot cam.. rro. Jhe c10IesI cdl...... u a carrier phue
14 are ,cht$U9qesc" mobile unic 16 searcher receiver refereace. The ,.w. orthil detection process is • Ie-
utili_"...1'.... sipals of s&rc*lpst strength for pro- quenc:e of _iIClOdId data .,.bolt.
cessia&~"lDII1tipledata receivers. A propeny of..PN seq_ u ..in die present
ShouJd~ uait 16 IQOVC OUI of the covenle area S5 inveaCioa ildlal~ is provided .....mul-

or tht' initial ceU""te. ceJJ·lite 12, an attempt is made to ti.path sipals Whaa the sipaJ arrives· II the mobile
comiDue the call 'by routina the call throulh another receiver aAer tbrouth more dian one path.
cell·sile. In Jbe cell divenity mode the call is routed there will be a difI' in the ...._ time 01 the
throuah multiple cell-sites. The \1IC of the diversit>, siJUb. This~ .. ctift'enace ClOIftIpoads to
recei,,"er s)'Meal,of lhe present invention enables com- 60 the dift'erencc .. diItuce divided by tile Ipeed 0( lipt.
munatioM betWeen mobile UDit 16 and ceU....ces U, 14 Ir this time diff'.......,... ODe ~oad. tJIen
and V&noUi other cell-sites. the correlation~ will dilclimiaate ..... one of

FrO. 2 iU......es in b~k diapam form the mobile the patbs. n. I'eQIliver Can choate whelhe:r 10 track and
unit. The rnobiJe UDit includes u antenna 30 which is receive the ..rJier or .... path. If two receivers are
coupledthrOup diplexer n EO anaIo. receiver 34 and 6S provided. suc:h • rectiven 40 and .2, lben two iDde-
tralls1I)it power amplifier 36. Antenna 30 and diplex.er peadnt padal can be &racked and in parallel.
32 are ofstandard design and permit simultaneous trans- Searcher receiver ... UDder control of control pro-
mission and reception through a sin,le aDtenna. An- cessor 46 is for continuously scanning the time domain
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around Ihe nomInal ume of. received pilol sign.1 of Ihe 42 for c.U decoding. The ompul of lransmit modul.tor
cell-sill for olher muhipalh pilol sipals from Ihe same 52 is provided 10 Iransmil power conuol circuitry 38.
cell-site and for other cell-site transmitted pilol signals. Signal transmissIon power is controlled by the analog
Receiver 44 wiJI measure the streallh of .ny receptIOn power conrrol sign.l provided from receiver 34. Can.
of a desired waveform .t times other than the nominal S trol bits .re transmitted by the cell-sites in the form
time. ReceIver 44 compares situl strength in the reo power adjustment command .nd are processecl by d.ta
ceived signals. ReceIver 44 provides a signal strength receivers 40 and 42. The power adjustment command is
si,nalto c:onuol proc:essor 46 indicath..e of the strongest used by c:ontrol proc:essor 46 in setting the power level
sipals and relalive ume relationship. in mobile unit transmission. In rt!Sponse to this com.

Proc:essor 46 pro\'ldes stgnalS to control digital d.la 10 mand. control processor. aenerates a digital power
receivers 40 and 42 for e.ch to process • different one of c:ontrol sipal th.t is provided to circuitry 38. Funher
the strongest signals. On occasion another cell-sile information on the interrelationship of the receivers 40
truwnmed pilot signal is of ,reater si....l strength than .nd 42. control processor. and transmit power control
the c:urrent ceJl-silc sl,na! slrenllh. Control processor circuitry 3I.re also further described in the .bove-men•
• then would lenerate • control maule for transmis- 1.5 tioned copending p.tent .pplication.
slon to the system controller via the current cell-sne Transmit power control circuitry 38 outputs the
requesung air.nsfer of the call to the celioSite corre· power controlled modulated silftaltorransmit power
spondinl to the stron.r pilot signal. Receivers 40 .nd amplifier circuit!')' 36. Circuitry 36 amplifit!S and con.
42 may therefor handle calls through two different verts the IF sipal to an RF frequency by nUltini with
cell-sites. 20 • frequency synthesizer output siln.1 which tunes the

The outputs of receivers 40 and 42 .re provided to signal to the proper oUlpat frequenc)·. Circuitry 36
diversny combiner and decoder circuitry .... The dIver- includes aft amplifier which amplifies the power to a
sity combiner C:lrcunry conlained wilhin circuilry 48 final OUlput level. The intended transmission signal is
slmpl)' adjusts tbulming ofthe twO sueams of received outpul from circuitry 36 to diplexer 32. Oiplexer 32
si,nals Into alitnmenl and .dds Ihem lo,ether. This 2S couples the si,nal to anlenna 30 for transmission to the
addition process may be proc:eeded by multiplyin, Ihe cell-siles.
twO screams by a number correspondinllo the relalive Canlrol proc:essor 46 also is capable of,enerating
signal slrengdls of thelwo streams. This operatIon can control messages such as cefl-diversily mode requeslS
be COnsidered a maXImal rllio diYersit~· combiner. The and cell-site communication temunation commands.
resulting combined signahucam is Ihen decoded using 30 These comm.nds are provided to transmil modulator 52
a forward sueam errordelecuon decoder also con- for transmission. Control processor. is responsive 10

tainecl within circuilry .... the data received from data receivers 40. 42 and search
In the exemplar)' embodimenl convolulional encod- receiver 44 for making decisions relalive to handoff and

ing is utilized. The convolutional encoding h.s a can- diversily combining.
slraint Ingth 9 and a code rate ~. i.e. Iluee encoded 3S FIG. 3 illustrates in block diagram form an Cltemplary
s)'mbol, are produced and transmined for every infor- embodimenl of the cell-site equipment. At the cell-sile.
m.lion bit 10 be transmmed. The optimum decoder for two receiver syslems .re ulilized with each having a
this t)·PC ofcode IS O'-IM soft decision Viterbi aJgonrhm 5eparale antenna and an.lo, receiver for space diversily
decoder design. The resulting decoded information bils receplion. In each of the receiver systetnS the sianals are
are passed to the user digital baseband circuiuy 50. 40 processecl identically until the sipals under,o a diver-

Bueband clrcuitr)' 50 typically includes a digital sily combination process. The elements within the
vocoder lnot shown I. Baseband circuitry 50 further dashed lines correspond to elements corresponding 10

serves as an inlerface \\;th a handset or any olher Iype the communications belween Ihe cell-sht and one mo·
of pmpher.1 dence. Baseband circuiu)' 50 accommo- bile unit. The output of the anaJOI receivtrs are also
dales a variely of different vocoder designs. Baseband 4S provided 10 other elemnts used in communications
circunry 50 provides OUtput informalion signals to Ihe wilh other mobile units.
user in accordance with ·the informalion provided In FIG. 3. the first receiver system is comprised of
themo from circultr)' .... antenna 68. an.lo, receiver 61. searcher receiver 64 and

User anaiol voicesi..als lypica1ly provided through digital data receIVer 66. This receiver system may also
a handset are pn:Jvided as an input to bueband circuilry SO include an optional dipal data receiver dI. The second
50. Basebud cirCUitry 10 includes an analog 10 digital receiver sytlem iadudeI antenna 10. anaI01 receiver 72.
(AID) convener (not Ihown) which c:onvens the ana- searcher receiver" and dtpaJ data raiver "- Also
log signal to digital fonn. The digitalli,na1 is provided utilized in liaaJP~Iand COIitrOrtor lIandofl'and
to the dilital \lOCOder where it il encoded. The vocoder diversity il cell-lire c:c:muol proceIIOr .,.. ~.receiver
output is provided to a forward error correction encod- " systems are coupled to divinity combiaer~ decoder
ing circuil CnOl shoWn) for error correction. This voice circuitry eo. Dipw link .2 is udlilecJ to COIIhbuniCale
encoded diptilld YOice sipal is output from baseband signals to lad from the MTSO (FIG.•) with ceU-site
circuitry 10 to tNilsmit modulator 52. transmit modulator .. aDd Circuitry 10 under the con-

Transmil moduJatorS2 modulates the ncoded signal trol of COtltrOl procelIIOr 11-
on a PH CllTier sianal whose PN Illquencc is chosen 60 Sipals received on ...... " are.provided to ana-
accordinl 10 theMSiped add,. fWlC1ion for the call. log receiver 62. ReceiVed IipaIa IIDplifled by til IIDpli-
The PN seqUence is (lerermined by contrOl processor 46 tier in receiver 62 and translated to aft IF frequency by
from call tItUP irlforftlation thaI is ttIDlmined by Ihe nU:Ung witb • ffequeney IY'ltbesizer output lipal. The
ce1l-sile and decoded by receivers 40 and 42. In Ihe IF signals are bandp_ filtered and dilitized in a pro-
a11eJ"Utive. cO.Jlrol proeessor '" may detennine the PN 6S cess identical to that desc:tibed with reference to tbe
sequence through pre-arrangement with the cell-site. mobile unit anaIo, receiver. The digitized IF sianals are
Coftlrol processor 46 provides the PN sequence infor· provided to digital data receiver 66. optional data re-
mation to transmil modul.tor 52 and to receivers 40 and ceiver 68 and searcher receiver 64 and are processed
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respeclively In a manner similar 10 thaI as disclosed additional receivers can track and receIVe other possible
wilh reference to the diiita! data receivers and searcber delay paths of mobile unit transmmed si,naIs. The
receiver of the mobile unit in FIG. 2. However. the structure and operation of this recetver is similar to that
processing by the digital data receivers and Ihe searcher described with reference to the diJital data receivers 66
receivers are differenl for the mobile to cell-sile link Sand 76. Receiver 61 is utilized 10 obtain additional di·
from thaI used in tbe cell·tite to mobile link in several versit)' modes. Optional additional di,ital data receivers
respecls. providing additional diversity modes are extremely

In Ihe inbound. or mobile unil 10 cell·sile link. Ihe useful in Ihose cell·siles which are localed in dense
mobile uRiI does noc transmit a pilol signal lhal can be urban areas where many possibilities for mullipatb sig.
used for coherenl refer~e purposes in signal process· 10 nals occur.
inl al the cell·tile. ThUs. lhe mobile unil to cell·site link Signals from the MTSO are coupled to the appropri·
uliJizes a non-eoherent modulation and demodulauon ale Iransmit modulator via digilal link .2 under the
scheme using 64-ary onhOJOll&l signalling. control of control processor 18. Transmit modulator 14

Searcher receiver .. if qain used to scan the time spread spectrum modulates. accorchn. to a predeter.
domain aboul Ihe received signal 10 ensure tbal Ihe IS mined It'rudinl funcUon a UIlped by COftU'ol proces·
8$SOCialed digital data receiver 66, and data receiver 68 sor 18. tbe da1a for transmission to the intended recipi·
if used. are Irackin, and proceMin, the strongesl avail· ent mobile unit. The output of uusmillllOduJalor 14 is
able. i.e. received time domaiJl sianal. This tracking provided 10 transmit power control circuitry 86 where
process is identical 10 lhat desl:ribed wilb reference 10 uDder lhe control of cancrol processor 71 the traurnis·
lhe mobile unit. Searcher nceiver .. provides a signal 20 sion power may be controlled. 1be outpUI of circuit')'
10 cell·sile control proceuor 7. wbich provides conlrol 86 is provided 10 transmit power a.pliner circuitry ...
signals to digital data receivers 66 and 68 for selecting Circuitry II i~cludesa .•wnmer for summilll the out·
Ihe appropriate recei ...ed si,nal for processing. pUI of rransmilmoduJalor .. wilh the OUIPUI of otber

In the 64-ary onhogonal sipalling process. the mo· Iransmit modulators at the ceU·site. Circuitry" funaer
bile unit lransmllled symbols hu one of .. different 2S includes a summer for summin,lhe pilot sipl OUtput
pcssibililies. A 6 bit symbol is encoded inlo one of 2°. from pilot sianaiSeAeralO' 90 with the Mammed transmit
I.e. 64. different binar~' sequences. The set of sequences madulalor Otttpul sipals. Circuitf)' .. also includes a
chosen are known as Walsh functions. The optimum digital 10 analog converter. frequency upconversion
recei"'e functIon for the Walsh function is the Fat circuilf)' and an amplifier for respectfully convertina a
Hadamard Transform (FHT). In searcher receiver" 30 dilJitai signal to an analog signal. convenill, the IF
and digital dala receivers 66 and 68. the input si,nal is frequenc)' silnats " outpul from lhe lransmil modula·
correlaled as discussed with reference to Ihe mobile unit tors to an RF frequency and amplifyin. to the RF siS'
receiverio with Ihe correJator outpUI fed to a FHT pro· nal. The outpUI from circullry II is provided ~o antetUll
cessor. The FHT processor produces a set of" cacm· 92 where it is radiated to mobile units within the cen·
ClenlS for ever)' 6 s)'mbols. The .. symbols are Ihen 3S site service area. .
muhiplied by a wei,lnin. function ,enerated in Ihe Cell·site controJ processor 18 has the responsibility
receiver. The weighlin, function is linked to measured for assignmeJlt of digital da.. receivers and modulators
si,nal suen,th. The wei,hled data is lhen prOVided as to a panicular call. Control processor 71 also monitors
an OUlPUt 10 diversit)' combiner and decoder circuilr)' Ihe progress of Ihe call. qllalil)' of Ihe tipals and initio
80. 40 ates t..rdown on loss of sipal. The ceIl·site communi·

The second receiver .S)'ltelll processes the received cales with the MTSO via link 12 where il is coupled b)'
si,nals iii a manner similar 10 thaI discuued wilh respect a standard lelephone wire. optical fiber. or microwave
to Ihe first receiver system of FIG. 3. The wei,hled 64 link.
symbols OUIPUI from receivers 66 aDd 76 are provided FlO. 4 ilJuslrates in block dia,ram form Ihe equip-
10 diversity combiner and decoder circuit')' 80, Cir· 45 menl ulilized in Ihe MTSO. The MTSO typtcally in·
cuitt)' 80 includes an adder which adds the welghled 64 eludes a systent controller or control processor 100.
symbols from receIVer 66 '0 tbe wei,hted .. symbols dilital swilch 102. diversit)' c:ombiJIer 104. di,ital vo-
from recetver 76. The resulti.., 64 coeffic:ienls are com· coder 106 and di,ital switch .... AJrbou,h not iIIus·
pared with one another in order to determine Ihe w,est trated additional diversity combiners and dilital vocod·
coeffiCienl. The rnapi.. of th_ eompanson result. 50 en are coupled between diJitll switches 102 and 101.
together with theideDtity of tile ....... of the 6iI coeffi· When the ceU-divenity mode is active. the e&l1 is
cienu. is used to delermille ... ofdecoder weights and proceaed by Cwo c:efl-sic-. suchtbat sipals will arrive
symbols for use within • VMrbi allOrithm decoder at tbe MTSO from more tban one ceJl-ute with 1IOIJIi·
implemented in circuitrY 10. naUy the same ittformation. However. because ofCadin,

The Viterbi decoder is preferIbIy of a constrainl 5S and ittterference on the inbound link from the mobile
lenltb 9. and of a code we l. The Viterbi decoder is unit to the cell-sites, the sipal teceived at one cell·site
utilized to determine tbe most likelyjnformation bit may be of better quality than the sipaJ receive at the
iequenc:c.For each voc:ocIer Qua block. nominally 15 other cell-site.
rnsec. of cWa. a sipal quality ..... ill obtaiJled and DilitaJ switch 10% is used in routin, the information
lransmitted a a IIIObile ail power adjustment c:om- 60 stream corrapondin, 10 a Jiven mobile unit from otIC
mand &loa, with data to .... adIiIe unit.. Further infor' or more cell...tes to clivenicy combiner 1M or the cor·
tnation on the generati~0( this quality estimate is dis· respoadinl diversity combiner u detenniaed by asi,.
cussed in funherdetaiJ in the co-pendiJIg application nal ftom Iysaem c~ntror processor 100. When the 1)'1-
mentlonedabove. This quality estimate is the average lem is not in the cell-diversityfnOde. dlvenity combiaer
signal·to-noise ratio over the 15 mteC. interval. 6S 104 may be eitherbypused or fed the same infonnatioD

In FIG. 3 optional dililaJ data receiver 61 may be on each input pon.
included for improved perfOl'llUlJlce of the system. This A multiplicity of serial coupled diversity combiners
additional data receiver alone or in combination with and vocoders are provided in paraUel. nominally. one
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for each call to be, proc:essed. Diversity combiner 104 consistan with the principles as novel features dis·
compares the si,nal qualit), indicators ac;companymg c:1osed herein.
the anformanon bin from· tbe twO or more cell-sne slg- W. claim:
nals. Diversity combiner 104 selects the bits carre- 1. A spread spectrum diversity receiver. comprising:
spondin, to the hi,hest quality cell-site on a frame-by· S searcher means for. receiving multiple pilot si,nals
frame basis of the information for outpUt to voc:oder eac;h travelling upon a difTerent propaption path
106. and having a resuhant time difTerence with respect

Vocoder 106 con\'ens the format of the digitized 10 one another. determinin, signal strength of each
voice signal to standard " Kbps PCM telephone for· received pilot sipaJ and corresponding time rela·
mat. analol. or any other standard format. The resultant 10 tioaship with respeet to Oft. another~ and providing
signals are transmitted from voc:oder 106 to digital a ....cher control sip iftdicative of received
switcb IOI~ Under the control ofsystem control proces· pilot sipall of t si,nai stren,th and corre·
sor 100. the call is routed to the PSTN. sponcIiar tiae ip;and

Voice sipals comin, from the PSTN intended for data receivermuns for receivin, spread spectrum
the mobile wit. are provided to dilital switch 101 to an IS modu'" iftformation sipais each corresponding
appropriate dilital voc:oder such as vocoder 106 under to a dift'.reftt one of said pilotsipais. said data
control of systeal control procasor 100. Vocoder 106 receiver~ responlive to said searcher control
encodes the input di,itizecl voice signals and provides Ii.... for demodulating one of said spread spec-
the resultin. iftformatioft bit stream directly to digital 20 trum modulated infonnatiOn 'ianals corresponding
switch 102. DiJital switch 102. under the control of to one of said pilot sipls of greatest sianal
system control processor 100 directs the encoded data slrenJlh and (or pravidinl an output sipl bearing
to the cell-site or cell·sites to which the mobile unn IS information.
communicating.• If the mobile unit is in a handofT mode 2. The diversity receiver of claim I wherein said data

11 d' receiver means is funher responsive to said searcher
communicatinl to multiple cell·sites or in a ce l\'er·,~ control sipal for demodulatin, at least one additional
suy mode. di,nal switeh 102' tOUtes the call to the ap- _. one of said spread spectnarn modulated information
propriate cell-sites for transmission by the appropriate SIgnals each correspondin.to a respective other one of
cell'sne transmitter to the intended recipient mobile said pilot lipall 01 no' to ....est sip streDlth. and
unit. However. if the mobile unit is communicating with providinl cornspondins additional output sipats each
only a sin,le cell·site or not in a cell diversity mode. the 30 bearin, said inbmation.
signal is directed only to a sinlle cell·site. 3. The diversity receiver of claim .1 funher campris.

System control processor 100 provides control over ing combi_r means fbr receiVinl and coherently com.
diJital. sWitdl~ 102 and 106 for rouung data to and bining said output sipal and said additional outpul
from the MTSO. System control proc:essor 100 also signals and for providiftl a correspondin. combined
delermines the assienment of calls to the cell-sites and to 35 output siplLl bearinl said infortnlltion.
the voc:oders at the MTSO. Furthermore. s)'Stem con· 4. The diversny receiver of claim 2 fu"her compris-
trol processor 100 communicates with each cell-site ing combiner meanl for receivinl and combininl said
control processor :about the assignment of panicular output si,nal alld each of laid additional output signal
calls betWeen the MTSO and ceil-site. and the assign· and providin. a resultant combined outpUt si,nai.
ment of PS codes for the calls. It should be further 40 5. The diversitv receiver of claim 4 wherein said
understood that as illustrated in FIG. 4 digital switches combined oUlput 'sirna! bears said information in an
102 and 106 are illustrated as two separal( switches. error correction coded format and funher compnses
however. this function may be performed by a single decoder meallS lor recejvinland error correction de-
ph)'sical swucbing unn. codin, said COlIItlined output lignal.

When the cell·diversity mode is in use. the mobile 45 6. The divenity receiver of claim 1 wherein each one
unit will use the searcher receiver to rand and trap the of said multiple pilot lipals results form a sin,le cell·
stron,est multipath sirna! from each of the two cell· site transmit... pilot 1i,III travelling difTerent prapaga·
sues. The diJital data receivers will be controlled by the tion paths .. feCeIJRIO. by Slid satcher~s. each one
searcher receiver and the control processor so as to of said mlllli" pilot ....... ilof• same Ipreadinl code
demoduiatethe Itronpst siJftals. Who the number of so offset in u.. curftlillllMldln,ao ill p~"rionpath.
receivers is Jaa than the number of cell.uteS tranSmit· 7. The divtrlltyrilcet9. 0( claim I wherein said
tin, informa.ion in parallel. a switchin, diversity capa· multiple piIoc tform difTereftt cell-sites each
bilit)' is poaible. For uaaaple. with oaly a sinale data transmittin,alinl1e piloa preadspecmam mOcIu·
receiver and with twO ceU·lites lraasmit~a. Ihe lated by. _ cbde With each ceUoSite trans-
searcher will mODiaor the pilots from both ceU-utes and 5S mitted IijUl thWIUDI difl'ereet. prGpala-
choose the suoqest sipal for the receiver to demodu- tion patblto rNCepCiCm by ...~ ....... each
late. In this embodimenl Ibe choice can be made as cell1it. t ksrapeetive sialle pilOt silftlJ at
frequently,,, every vococlcr frame, or about every IS a difT IIIIOde _ cfI'Uc'With respillc:l toach other
milJisecoads. cell-site trra••"" .-..1IiIOtsiptIl. ones ohaid muJ·

Tbc,.pI'CY1auI dIKription of ahe preferred embodi- 60 tip1e pilot 1ipaII MIme c:eIkire trills-
mats are~ to enable liliY penon skilled in the mit1ed ...._ ,0( code
an 10 make ort.UIe the p.....t invention. Various modi· offset in tiae ~dina'toill PfOl*ption path.
fieaticHII to these embodiments wiU be readily apparent S. In a CIU COIIIIIluaicaliOft systeal'ihwhic:h user
to tbQIe. skilled in the an. and the ,aerie principles in(ormatioll ·IIeCOllUDwicated to In inteDcfed
defined herein may be applied to other embodiments 65 recipienl'" by. c:eIkite Ulial spread spectrurb com-
withoul tbe use of ahe tnventive faculty. Thus. the pres· munication aIMas. wherein'said ceU1ite tranIIIrias a
ent inventioft is not intended to be limited to the em· spread spectrUm pilot lilnat of a predetennined code
bodiment herein. but is to be accorded the widest scope phase. and wherein said cell-site transmitted spread
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spectrum communication, sipls and pilot si,nal are communicalion sips and pilot sipal are sulCe1Kiblc
susceptible to Inultipath propagation. a recipient user to multipath propapuon. a recipienl ... spread tpeC.
spread speclrum receiver compnsiD,: trum receiver compl'isina:

searcher means for receivin, an input silnal which searcher means for roceivia, an input sipaI iacludiJl&
incJudes muhiplcpalb propagations of a piJot sig· ~ multipJe palh propqaaions of II leut one piJol
nal lrUSIDiued by a ccU-sile wherein each muhiple sipaJ wherein each piJOt sip is traumined by a
path propaplion pilot silna! travels a different respective one of a plurality 0( ceil-sillS and
propaaation P'.th and has a ~rrespondin, palh wherein each mulliplepath propaptiori pilot siI-
dependent offsea in code phase. for scanning al nal travels a difFereDt propaptklnpath.and h.N a
different code phases so as 10 detect a presence of 10 correspondinl pain dependent ofFset in code phase.
at least one of said mukipJe path propaption pilot for sc:amUnl at different code phases so as 10 detect
sipaJs. for Ineasunnl sianaJstreD,lh 0( each de· a presa.ce of at least one of said multiple path
tected multiple palh propapli~ pilot sipaJ. for propaption POOl sipals. for masurinl -lipal
delerminia, code phase ()f each detected multiple slrenJlh o( each detected multiple- path prop&,a·
path propagation pilot signal. and for providin, I' tion pilot sipaJ. (or determininl code phue of
searcher conlrol sipa!s representative of mukiple each detected multiple path prop&plion pilot si,·
palh propaption pilot sipa.ls of areatest silnal naJ. and for providinl searcher co.urol sipals
slrCftlth and correspondin, code phase: and representativc or multiple path propaption pilot

receiver means for receivini said searchcr control sipaJl or createst sipaiwenJlh and correspond·
sipaJs. for receiviq said input sipal which· fur· 20 in, code phate: and
ther includes multiple path propagalions of spread receiver _ for reeeivini said searcher coatrol
spectrum communication sipals transmitted by sipals. for receMn' said input sipal which fur·
said cell·sile each correspondln, to a respective ther includes multiple pith propaptionJ of spread
multiple path propaptJon pilot silna!. for. in reo spectrum communication si,naJs transmitted by at
sponse 10 wd searcber control sipaJs. spread spec- 2' least one of said plurality of ccU·sites wherein each
Irum processing cenaln ones or said multiple path multiple patb propIpUon of said sprad sptCU'1Im
propagations of said spread lpectrum communica· communication si,nall corresponds to a respecrive
lion SlgnaJS correspondial to said multiple path mulliple path propqatioD piJoI sipaL for. in reo
propaption pdol sipals of Ireatesl signal strength sponse to said searcher control sipals. spread spec'
so as to extract corresponding intended recipient ~ trum processing certain ones of said multiple palh
user Information silnals therefrom. and for provid- propa,ations of said spread spectrum commuaica'
Iftg corresponding outpul signals representative of lion sisnaJs correspondinl 10 said multiplc palh
said extracted intended recipient user information propaption pilot sipals of ,reatest silnaJ strenllb
signals. so as to extract corresponding intended recipient

9. The receiver of claim 8 wherein said receiver J' user information silnals therefrom. and for provide
means comprises a plurality of data receiver means each ing corresponding output sipls representative of
for. receIving a different one of said searcher control said extracted intended recipient user information
signals. receiving in said input signal said multiple palh signals.
propagalion of spread spectrum communication signals. 13. The receiver of claim 12 wherein said receiver
spread spectrum processing a differenl selected one of 40 means comprises a plurality ofdata receiver means each
said multiple path propagations of said spread spectrum .Cor. receivin, a different one of sUd. sQP;bcr control
communication signals in response to said searcher con· sipals. receiving in said input signal and multiple puh
Irol signals al a synchronization proVided by a corre' propagations of spread spectrum communication sig·
sponding multiple path propagation pilol signal. and nals. spread spectrum processing a diffcreDt selected
prOVIding a corresponding one of said output signals. 4' one of said multiple path propagations of said spread

10. The receIVer of claim' funher comprising com· spectrum communication signals in response to said
biner means for. receiving said output signals. coher· searcher control signals at a synchronization provided
ently combining said received output signals and pro- by a corresponding mulliple path propalltion pilot
viding a correspondinI combined output signal. sipal. and providinl a correspondin, one of said out·

11. The receiver of claim' funber comprising input ~ put silnaJS.
receiver means for. receivcr RF sisnaJs in a predeter· 14. The receiver of claim 12 fuMber comprising com-
mined frequency band. amplifyinl said RF signals. free biner means for. receivial said output sipals. cohere
quency downconveninl said ampJified RF signals to an ently c:ombinin, said received output sipals and pro·
intermediate frequency ranlc SO as to produce corre· vidin, a c:orrespondinl combined output sipaJ.
spondinl IF sipals. filterin, said IF si,nals. dilitizinl" 15. The receiver of claim 12 further comprisinl input
said IF sipals. wherein said dilitized IF sipaJs corre· receiver means for. receivint RF sipals in • predcter·
spond to mullipJe path propaption of said pilot sipal mined frequency band. ampJifyinl said RF sipals. free
and corrapondinl multiplc path propasations of said quency dOWllCOllvcrtinl said amplified RF sipals to an
spread spectrum communication si,nals. and providin, intermediate frequency ranle so as to produce c::orre.
said IF si,nals to said searcher means and said receiver 60 spondinl IF sipaJs. mterinl said IF sipals, dilitiziDl
means as said input sipaJ. said IF sipaJs. wberein said diptiud IF sipals COrte·

12. In a ceJlular communication system in which user spond to multiplc path propaptions of said pilot signa!
informalion sipals are communicated 10 an intended and correspondinl multiple path propaJalions of said
recipient user by at least one cen·site USinl spread spec· spread spectrum communication signals. and providing
trum communicalion signaJs. wherein each ceJl·site 6' said IF signals to said searcber means and said receiver
transmits a spread speclrum pilot signal of a same means as said input signal.
spreading code and predetermined different code phue. 16. In a cellular communication system in whicb user
and wherein each cell·site transmitted spread spectrum information signals are communicated 10 an intended
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rectJHeftt user by at h'!3St one cell·site ,.~In! spread 5:-~C

lrulll communJCau~ sIgnals. wher ':n each eel: !e
transmits a spreae ectrum pilOt !flal of a sa::'le
spreadin! ¢ode and ~determined d:. :rent code phase.
and whereIn each celi-site transmitted spread spectrum ~

communication signals and pilot si,nal are susceptible
to muhipath propagation. a method for acquiring and
processing inu!nded recipient user spread spectrum
communication sl,tutiS comprisiD, the steps of:

receivini input signals including (a) multiple path 10
propaaalions of at least one pilot sianal wherem
each pilot slinal is transmitted by a respective one
of a pluralit)' of cell-site and wherein each multiple
path propalalion piiOI silnal travels a different 15
propallalionpalh and hu a correspondiD, path
dependent oasel in code phase aDd (b) multiple
path propaptions of spread spectrum communica
uon signals transmitted by at least one of said plu
ralit~· of cell-sites wherein each multipJe path prop- 20
apuon of saud spread spectrum communication
sipls corresponds to a respective multiple path
propaaation pilol signal:

scanning saad input si.naJs at different code phases so
as to detect a presence of at least one of saId multt- 1~

pie path propa,atlOn pilot sIgnals:
measuring sagnal strength of eac::h detected multiple

path prapa,auon pilot SI,nal:
determ,"lng code phase of each detected multiple

path propagauon pIlot signal: 30

40

50

60

65

22
providin, a sc3rcher silnat representative of multlr'le

path ptapa lUon pilot sl",al5 of greatest ~' .~al
strength ar.. .:orresponding code phue:

spread spectrum Processinl. in response to said
sarcher ~111W.onesofSaid multiple Path propaga
tions of SlId spread specttum cOmmunication sig
nals correspondin, to said multiple path propaga
tion pilot slpals ofgrettest si,nal strength so as to
extract c:orrapondingintended recipient user in
formation siJltlls therefrom:' and

proVidiJt, corresponding output signals representa
tive of said Clltraeted intended recipient user infor
mation sipals.

17. The method of claim 16 funher comprising the
steps of:

combinin. said output siJl1lls: and
providin. a correspondina combined output signal.
18. The method of claim 16 funher eont1'rising the

steps of:
receiving RF signals in a predetermined frequency

band:
amplifyinS said RF ~i~nals:

frequency downeon\ e~lIng said amplified RF signals
to an intermediate irequency range so as 10 pro
duce corresponding IF signals:

filtering said IF signals:
digitizing said IF signals: and
providing said IF signals to said searcher means and

said receiver means as said input signals.
• • • • •
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